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Preface

This report is the product of over two years’ work by a committee of
12 diverse experts in hearing and other subjects, convened by the National
Research Council (NRC) in response to a request from the Social Security
Administration (§SA). The committee was tasked to review the tests and
criteria used to determine hearing disability for purposes of eligibility for
Social Security benefits. The committee evaluated the tests currently used
to determine disability for people with hearing loss and examined other
possible ways to assess such disability, including new tests of hearing
function. Special attention was given to finding ways to improve the reli-
ability and validity of tests of hearing and to reviewing evidence bearing
on the ability of such tests to predict job performance capabilities.

On behalf of the committee, I would like to acknowledge the contri-
butions of a number of people who helped us to complete the work re-
ported here. First, we are grateful to Sigfrid Soli and Carren Stika, who
prepared reviews and analyses for the committee. We also wish to thank
Sandra Salan, the project sponsor at the SSA’s Office of Disability. She and
her associate, Michelle Hungerman, provided much useful information
on SSA disability programs and procedures. Also at SSA, Susan David
and her staff prepared data analyses from SSA statistical files in response
to our queries.

In the service and advocacy community, we are grateful to the organi-
zations that nominated speakers and otherwise supported the public fo-
rum the committee held on May 7, 2003. We are especially grateful to the
forum participants, listed in Appendix C, who gave thoughtful and ex-

vil
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pert responses to the difficult questions we posed, providing the commit-
tee with valuable insights on the issues that are most important to people
with hearing loss.

At the NRC, Susan B. Van Hemel was the study director for this
project. Special thanks are due to Christine Hartel, director of the Center
for the Study of Behavior and Development, for her guidance and sup-
port; to Christine McShane, for editing our manuscript with skill and
insight; to Eugenia Grohman of the DBASSE Reports Office, who man-
aged the review process; and to Jessica Gonzalez Martinez, our skilled
and dedicated project assistant, whose contributions to this study were
invaluable. The excellent interpreters from Sign Language Associates who
supported all of our meetings, including the public forum, were vital to
the success of this project as well. I would also like to recognize the com-
mittee members for their generous contributions of time and expertise
and for their professionalism. Although members often had disparate
opinions, they invariably expressed and discussed them with respect and
grace.

This report has been reviewed in draft form by individuals chosen for
their diverse perspectives and technical expertise, in accordance with pro-
cedures approved by the Report Review Committee of the NRC. The
purpose of this independent review is to provide candid and critical com-
ments that will assist the institution in making the published report as
sound as possible and to ensure that the report meets institutional stan-
dards for objectivity, evidence, and responsiveness to the study charge.
The review comments and draft manuscript remain confidential to pro-
tect the integrity of the deliberative process.

We thank the following individuals for their participation in the re-
view of this report: Monroe Berkowitz, Program for Disability Research,
Rutgers University; Judy R. Dubno, Department of Otolaryngology-Head
and Neck Surgery, Medical University of South Carolina; George Gates,
Hearing Research Center, University of Washington; Walt Jesteadt, Boys
Town National Research Hospital, Omaha, NE; Gerald Kidd, Programs in
Communication Disorders, Boston University; Doris Kistler, Heuser Hear-
ing Institute, Louisville, KY, and Department of Psychological and Brain
Sciences, University of Louisville; Robert Shannon, Auditory Implants
and Perception Research, House Ear Institute, Los Angeles, CA; and Alice
Suter, independent consultant, Ashland, OR.

Although the reviewers listed above have provided many construc-
tive comments and suggestions, they were not asked to endorse the con-
clusions or recommendations nor did they see the final draft of the report
before its release. The review of this report was overseen by Dennis
McFadden of the University of Texas at Austin. Appointed by the NRC,
he was responsible for making sure that an independent examination of
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this report was carried out in accordance with institutional procedures
and that all reviewers’ comments were considered carefully. Responsibil-
ity for the final content of this report, however, rests entirely with the
authoring committee and the institution.

Robert A. Dobie, Chair

Committee on Disability Determination for
Individuals with Hearing Impairments
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Executive Summary

The Social Security Administration (SSA) asked the National Research
Council (NRC) to survey published research on assessment of hearing
and the auditory demands of everyday life, and to advise them whether
the process of determining eligibility for Social Security disability benefits
for persons with hearing loss could be improved. SSA also asked for
recommendations for a research agenda in these areas. The key issue is
whether or not standardized tests exist or can be developed “that provide
adequate prediction of real-world performance capacities to reflect indi-
viduals” auditory abilities and disabilities in normal life situations with
average background noise.” Such tests would need to be valid, reliable,
well-standardized, and “simple and inexpensive to administer in a stan-
dard physician’s or audiologist’s office setting.”

The NRC formed the Committee on Disability Determination for In-
dividuals with Hearing Impairment to address these issues. Several im-
portant questions are laid out in the committee’s scope of work, and the
committee’s responses, in terms of general answers, appear below:

Question 1: Current SSA procedures use “subjective” (behavioral)
tests that present tones and words through headphones and rely on indi-
viduals” ability and willingness to report what they hear. Could objective
(physiological) measures of auditory function perform better?

Committee Response: Physiological measures may assist in the esti-
mation of the severity of hearing loss in claimants who cannot or will not
cooperate in behavioral tests, but for most situations the committee rec-

1
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2 HEARING LOSS

ommends the continued use of the current approach to measuring hear-
ing loss.

Question 2: The validity and reliability of the tests currently used by
SSA, as well as their criterion values for disability, may not be optimal.
Could other tests (including tests that incorporate background noise) or
other criterion values perform better?

Committee Response: In general, for adults, the committee recom-
mends the continued use of the current medical listing of impairments to
establish disability, with a modified and specific protocol for speech test-
ing. We also recommend that a battery of tests be administered prior to
applying the medical listing criteria, in order to improve the reliability
and validity of all stages of the SSA disability determination process. For
children, the committee is recommending some changes in the speech
perception test battery and criteria, as well as the addition of a test of
language competence for children over age 3.

Question 3: At present, as stated in the scope of work, “SSA does not
give clear guidance about testing with and/or without hearing aids or
cochlear implants for those who use such devices.” Should aided testing
be recommended, and if so, how should such tests be conducted?

Committee Response: The committee provides several recommenda-
tions for testing with cochlear implants and hearing aids.

Question 4: Current procedures attempt to assess only the abilities to
detect simple tones and to understand speech. Because identification of
nonspeech sounds and sound localization are required in some jobs,
should these auditory abilities be tested as part of the SSA disability pro-
cess?

Committee Response: Since there are no standard clinical tests for
sound localization or nonspeech identification, the committee is not rec-
ommending such tests.

Question 5: Can research using measures of health-related quality of
life help to determine which auditory skills and losses have the greatest
impact on the lives of persons with hearing loss?

Committee Response: The committee does not recommend such
quality-of-life measures for use in SSA disability determination.

Question 6: Can performance deficits resulting from hearing loss be
separated from those resulting from nonauditory (e.g., cognitive, linguis-
tic) factors?

Committee Response: The committee describes some of the influ-
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ences that nonauditory factors can have on measures used in SSA deter-
mination of hearing impairment.

FINDINGS

The committee’s efforts to assist the SSA in developing disability tests
and criteria that could better predict the ability to work were impeded by
two major data voids and one fact of life. The first void was the dearth of
available data linking hearing loss to job performance in adults. We found
some data on employment of people with hearing loss, but they were
sparse, based mostly on self-report of hearing loss with no objective
measurement of hearing, and could not support analysis of employment
outcomes for varying levels of hearing loss. Because there are as few data
to support new criteria as there are to support current criteria, we decided
in the end not to recommend significant changes to the SSA disability
criteria for adults. Some changes were recommended for the determina-
tion of disability in children. Research is needed to develop data to inform
future decisions about disability criteria.

The second void, closely related to the first, is the lack of information
on the auditory requirements of jobs. Knowledge of these requirements is
vital to understanding how hearing loss may affect performance in any
given job. Again, research is needed. In the absence of good data, the
committee developed basic auditory task descriptions and estimates of
the probable effects of hearing loss of various degrees of severity on audi-
tory performance on the job, based on our collective expertise.

The fact of life that most complicated our work is that it is clear to
those who study disability that many personal, environmental, educa-
tional, and social factors contribute in significant ways to the relationship
between a person’s hearing ability and the ability to work. The current
SSA disability determination process considers only the claimant’s mea-
sured hearing loss through application of the medical listing criteria in
Step 3 of the disability determination process. Thus, the very concept of
medical listings as a basis for determining disability is called into ques-
tion. We stopped short of recommending that all claimants be given the
vocational factors assessment of Steps 4 and 5, but this was a decision
based primarily on practical and economic considerations. Some commit-
tee members think that such a step would improve the determination
process.

In light of the above issues, the committee’s overall approach was to
recommend a battery of tests to be used in Step 2 of the SSA process,
largely to provide valuable information that should improve the validity
of the determination of disability in Steps 4 and 5. Testing with cochlear
implants and hearing aids is also included in the recommended test bat-
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4 HEARING LOSS

teries. In general, the committee retained the current Step 3 (medical list-
ing) tests and their criteria, with modifications to the test protocol for
adults. For children, we recommend some modifications to the Step 3
tests and their criteria. We also make recommendations for research to
support the development of tests or test batteries that could better predict
the ability to work. First, however, we discuss the weaknesses in the
current measures and criteria that we were able to address.

LIMITATIONS OF CURRENT FORMULA
AND TESTING PROTOCOL

Hearing impairment in adults that qualifies for disability benefits
under the existing SSA determination in Step 3 is a loss of hearing that is
not restorable by a hearing aid. In Social Security programes, eligibility for
disability benefits is all or nothing; there is no partial disability. The cur-
rent formula specifies the following disability criterion: average pure-
tone hearing thresholds (500, 1000, and 2000 Hz) of 90 dB HL or worse for
air conduction stimuli and at maximal levels for bone conduction stimuli
in the better ear, or speech discrimination scores of 40 percent or less in
the better ear. These criteria often fail to identify individuals who may
have a disability in the workplace because of hearing loss, particularly
those in hearing-critical jobs, and they may classify as disabled some
claimants who are able to work, especially successful cochlear implant
users. There are several reasons for such failures:

¢ The existing formula for disability determination for adults does
not take into account speech recognition performance at average conver-
sational speech levels, which are likely to be encountered in everyday
communication situations.

® The current procedure does not evaluate speech recognition in
noise; poor speech understanding in noise may severely impair the ability
to function effectively in many jobs that are dependent on oral communi-
cation.

¢ The current procedures and formula do not consider performance
with a hearing aid or implantable device. Actual performance with these
devices cannot be predicted from unaided performance.

¢ The current protocol includes neither assessment of sound local-
ization nor the ability to differentiate a change in an acoustic stimulus
(i.e., sound discrimination). While these are fundamental hearing abili-
ties, especially in certain hearing-critical jobs, there are currently no stan-
dard clinical methods of assessing these auditory functions.

® The current formula does not recognize that individuals with se-
vere hearing losses (71-90 dB HL pure-tone average or PTA) cannot re-
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ceive spoken communication auditorily without a hearing aid. Many
people with 71-90 dB hearing loss have not been successful hearing aid or
cochlear implant users and function primarily in the deaf world. Such
claimants may be at a significant disadvantage in the workplace.

RECOMMENDATIONS FOR SSA ACTION

In the following sections we present our recommendations for the
testing of hearing and the determination of disability based on hearing
loss. These changes will improve the validity and reliability of tests for
disability determination and will provide additional information on re-
sidual function for use in Steps 4 and 5 of the determination process. The
text of all recommendations and the rationale supporting them is found in
the body of the report and the complete range of recommendations is
referenced here.

General Recommendations for All Testing
During Step 2 of the SSA Process

* The committee recommends that the standard otolaryngological
examination follow the audiological examination (but by no more than 6
months), because a physician cannot provide a competent report without
recent audiometric data (see Action Recommendation 4-1).

* The otological examination should be performed by an otolaryn-
gologist who has completed at least five years of residency training fol-
lowing receipt of the M.D. or D.O. (doctor of osteopathy) degree and who
is certified by the American Board of Otolaryngology (see Action Recom-
mendation 4-1).

* The audiological tests for determining a disability based on hear-
ing impairment should be conducted by a clinical audiologist who holds
state licensure (if applicable) or, if no state licensure is available, is certi-
fied by the American Speech-Language-Hearing Association (Certificate
of Clinical Competence in Audiology, or CCC-A) or by the American
Board of Audiology (see Action Recommendation 4-3).

¢ Equipment should meet American National Standards Institute
(ANSI) standards or other established standards when no ANSI standards
are available. The environment for assessment of auditory threshold should
conform to current ANSI standards (see Action Recommendation 4-4).

¢ Audiometric testing should not be performed within 72 hours of
significant noise exposure or if there is recent exposure to ototoxic drugs
or, in cases of fluctuating hearing loss, on a day when hearing is notice-
ably poorer (see Action Recommendation 4-5).
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Recommendations for Testing Adults

® In order to capture an accurate assessment of an individual’s hear-
ing abilities on a given day, a test battery is recommended (see Action
Recommendation 4-2). This approach permits a determination of the va-
lidity of the claimant’s responses by examining intertest agreement. It is
recommended that this entire test battery be completed in Step 2 before a
determination of disability is formulated:
—pure-tone thresholds in each ear presented via air and bone con-
duction transducers;
—speech thresholds under earphones in each ear;
—monosyllable word recognition performance for test materials
presented in the sound field at average conversational levels in quiet and
in noise;
—tympanometry; and
—acoustic reflex thresholds.
® The committee recommends that SSA require a checklist to be
completed by the clinical audiologist at the time of testing, as an indica-
tion of the quality of the data collected for use in the disability determina-
tion process and to provide additional useful information for evaluating a
claim in Steps 3, 4, and 5 (see Action Recommendation 4-5).
¢ The standard pure-tone threshold audiometric test is required to
determine pure-tone average thresholds at 500, 1000, and 2000 Hz (PTA
512) for each ear. The pure-tone test should be conducted without the use
of a hearing aid (unaided). Even if an individual wears a cochlear im-
plant, it is necessary to assess hearing sensitivity bilaterally (see Action
Recommendation 4-6).
¢ A speech threshold is a required measure in the test battery for the
primary purpose of cross-checking the validity of the pure-tone audio-
gram and indicating the claimant’s ability to detect and recognize speech.
If a speech recognition threshold cannot be determined, then a speech
detection threshold should be assessed (see Action Recommendation 4-6).
® Speech recognition testing should be performed under controlled
conditions in quiet and in noise, using standardized monosyllable word
recognition test materials that meet the criteria recommended in Chapter
3 (see Action Recommendation 4-6).
® Objective (physiological) tests, such as frequency-specific evoked
potentials, should be used in place of or as corroboration for behavioral
tests for persons who cannot or will not cooperate in behavioral testing
(see Action Recommendation 4-6).
e Two test protocols are recommended: one for claimants who use
hearing aids or cochlear implants and one for claimants who do not. The
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protocol for users of hearing aids or cochlear implants includes aided
testing (see Action Recommendation 4-6).

e The committee recommends that all information gathered during
testing be used to evaluate residual functional capacity. SSA should
examine the claimant’s test performance in relation to auditory communi-
cation task requirements on the job to help determine the claimant’s ability
to work in his former job or in other appropriate jobs (see Action Recom-
mendation 4-7).

Recommendations for Testing Children

¢ Recommended tests and protocols, as well as criteria for disabil-
ity, for infants and children vary with the age of the child (see Action
Recommendations 7-1 through 7-4; Table 7-2). We recommend that the
degree of hearing loss in the better ear that is considered disabling in
infants and children should be 35 dB HL before age 6, 50 dB from ages 6 to
12, and 70 dB from ages 12 to 18.

e Standardized language processing measures should be adminis-
tered to compare the child’s function at the time of testing to normative
data for children of comparable age (see Action Recommendation 7-1 and
Table 7-2).

® The recommended criteria for determination of disability in chil-
dren during Step 3 appear in Chapter 7, Table 7-2. To qualify for benefits,
children age 3 and older must meet the criterion for hearing level and
either the criterion for deficit in speech perception or the criterion for
language processing. For children under age 3, only the hearing level
criterion must be met (see Action Recommendations 7-1 and 7-4).

® Speech perception tests should be administered in quiet using
recorded test materials at 70 dB SPL. Presentation of the speech percep-
tion test should be via sound field using personal amplification or co-
chlear implant if such is used by the child. If no device is used by the
child, testing is performed unaided (see Action Recommendation 7-2).

¢ In general, average hearing levels should be determined from
pure-tone thresholds at 500, 1000, 2000, and 4000 Hz (PTA 5124) (see
Action Recommendation 7-3). Under conditions that warrant using audi-
tory brainstem response (ABR), the ABR thresholds require a minimum
of two frequencies, one low (500 to 1000 Hz) and one high (2000 to 4000
Hz) to determine average hearing level. When auditory neuropathy is
thought to be present, it will not be possible to determine hearing thresh-
olds by ABR. In those cases, disability should be presumed unless or
until proven otherwise by behavioral testing (see Action Recommenda-
tion 7-3).
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® The committee recommends that SSA require a checklist to be
completed by the clinical audiologist, as an indication of the quality of the
data collected for use in the disability determination process and to pro-
vide additional useful information for evaluating a claim (see Action Rec-
ommendation 7-5).

RESEARCH RECOMMENDATIONS

The committee developed many recommendations for research that
the SSA should support in order to provide a sound scientific basis for
future decisions about the determination of disability due to hearing loss.
The most important are summarized below, first for adults, then for chil-
dren, followed by some general research goals. For each recommendation
we have referenced the complete text in the report.

Research Recommendations Related to
Adult Disability Determination

¢ Develop and standardize new tests of basic hearing functions—
including speech recognition for words and sentences in quiet and in
noise, localization, and sound discrimination—that correlate with audi-
tory performance in the workplace (see Research Recommendations 4-1
and 4-2).

e Study speech recognition performance in a variety of listeners with
and without hearing loss, both users and nonusers of aids and implants,
in acoustic environments and conditions that simulate the workplace (see
Research Recommendation 4-3).

® Develop an understanding of the auditory requirements of jobs in
the current workplace (see Research Recommendation 4-4).

e Study the effectiveness of hearing aids, assistive listening devices,
and workplace accommodations in realistic listening environments, for
individuals with severe and profound hearing loss (see Research Recom-
mendation 5-1).

® Determine the prevalence of hearing loss in the workplace and its
effects on worker performance, earnings, and mobility (see Research Rec-
ommendation 6-1).

Research Recommendations Related to
Children’s Disability Determination

® Develop standardized speech perception measures for infants and
children, in English and other languages, that take into account develop-
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mental age and degree of hearing loss (see Research Recommendation
7-1).

¢ Identify the contributions of environmental factors, such as the
linguistic environment in the home and educational settings and educa-
tional intervention variables, to the varying outcomes in persons who
have been deaf or hard-of-hearing since early childhood (see Research
Recommendation 7-2).

¢ Perform more prospective studies of children using amplification
to determine outcomes for communication, socialization, and educational
achievement (see Research Recommendation 7-3).

® Develop standard clinical measures that incorporate auditory and
visual assessments (see Research Recommendation 7-4).

® Perform research to better understand the true nature of auditory
dysfunction in children with slight or unilateral hearing loss and the pos-
sibilities for interventions to mitigate such dysfunctions (see Research
Recommendation 7-5).

Other Research Recommendations

® Acquire data about the real-world use of hearing aids from a large
population of users, separating those with adult-onset hearing loss from
those who developed their hearing loss as children (see Research Recom-
mendation 5-1).

® Conduct research to validate tests that purport to measure or pre-
dict functional hearing ability in daily life against real-world criteria mea-
sured in natural settings (see Research Recommendations 4-8 and 5-3).

* Develop and validate methods to detect and manage exaggeration
(see Glossary, Appendix A) of speech recognition problems during ad-
ministration of speech tests (see Research Recommendation 4-7).
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Introduction

The Social Security Administration (SSA) asked the National Research
Council (NRC) to survey published research on assessment of hearing
and the auditory demands of everyday life and to advise them whether
the process of determining eligibility for Social Security disability benefits
for persons with hearing loss could be improved. The SSA also requested
recommendations for a research agenda to address unanswered ques-
tions in these areas. The Committee on Disability Determination for Indi-
viduals with Hearing Impairment! (the committee) was charged with an-
swering these questions.

KEY ISSUES

According to the committee’s scope of work, the key issue is whether
or not standardized tests exist or can be developed “that provide ad-
equate prediction of real-world performance capacities to reflect indi-
viduals” auditory abilities and disabilities in normal life situations with
average background noise.” Such tests would need to be valid, reliable,
well-standardized, and “simple and inexpensive to administer in a stan-
dard physician’s or audiologist’s office setting.”

IThroughout this report we use the term “hearing loss” whenever possible in preference
to “hearing impairment.” When impairment is meant in a generic sense or is used as a term
in referenced documents under discussion (as in SSA regulations and guidance), we use the
term “impairment.”

11
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The scope of work went on to list several important subsidiary issues,
each of which is discussed briefly in this section and extensively in the
report:

1. Current SSA procedures use “subjective” tests that present tones
and words through headphones, relying on individuals” ability and will-
ingness to report what they hear. Could objective (physiological) mea-
sures of auditory function perform better?

2. The validity and reliability of the tests currently used by SSA, as
well as their criterion values (“cutoft” levels), may not be optimal. Could
other tests (including tests that include background noise) or other crite-
rion values perform better?

3. At present, as stated in the committee’s scope of work, “SSA does
not give clear guidance about testing with and/or without hearing aids or
cochlear implants for those who use such devices.” Should aided testing
be recommended, and, if so, how should such tests be conducted?

4. Current procedures attempt to assess only abilities to detect simple
tones and to understand speech. Since identification of nonspeech sounds
and sound localization are required in some jobs, should these auditory
abilities be tested as part of the SSA disability process?

5. Can research using measures of health-related quality of life help
to determine which auditory skills and losses have the greatest impact on
the lives of persons with hearing loss?

6. Can performance deficits resulting from hearing loss be separated
from those resulting from nonauditory (e.g., cognitive, linguistic) factors?

Most of these questions have to be addressed separately for adults
and children, for two reasons. First, small children sometimes require
different testing methods than adults, because of their relative inability to
participate in some hearing tasks. Second, adults and children must meet
very different standards for eligibility for SSA disability programs. For
adults, SSA disability is defined as “inability to engage in any substantial
gainful activity by reason of any medically determinable physical or men-
tal impairment which can be expected to result in death or has lasted or
can be expected to last for a continuous period of not less than 12 months.”
For children, in contrast, any stable impairment that is “marked or ex-
treme” may result in eligibility, and SSA regulations explicitly define this
statistically rather than in terms of inability to successfully perform the
learning tasks of childhood. “Marked” limitation is “the equivalent of the
functioning we would expect on standardized testing with scores that are
at least two, but less than three, standard deviations below the mean,”
whereas “extreme” limitation begins at three standard deviations below
normal. A child is considered to meet the listings if he or she has extreme
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impairment in one functional domain or marked impairments in two of
six functional domains.

For both adults and children, determination of eligibility is a multi-
step process. Step 1 deals with financial eligibility, and Step 2 requires
proof of a physical or mental impairment that at least “significantly lim-
its” some activities and is expected to last at least 12 months or to result in
death. Step 3 applies “medical listing” criteria to the applicant’s impair-
ment; if these are met or exceeded, the claimant is found eligible. Adult
applicants not found eligible at Step 3 may still receive eligibility if, after
consideration of their age, education, and work experience, as well as
their residual capacities, they are found to be unable to perform either the
work they have done in the past (Step 4) or any other work in the U.S.
economy (Step 5). An additional step is also available for children who
fail to meet the medical listing criteria in Step 3. This report addresses the
hearing testing that is used in Steps 3-5.

Nature of Current Measures

For both adults and children, SSA now relies on two clinical tests,
described in detail in Chapter 3, that are widely used in clinical practice.
One of them, pure-tone audiometry, is also well standardized: four
American National Standards (American National Standards Institute,
1996, 1997, 2002a, 2003) specify the conditions and methods of testing.
The other, speech discrimination (presumably using monosyllabic words,
although the SSA regulations do not specify this), is not standardized by
the American National Standards Institute, by any national professional
association, or by SSA. Speech discrimination tests done by different
audiologists frequently differ in several ways that affect the difficulty
and the reliability of the test: the word lists chosen, the number of words
presented, the intensity (loudness) of the words, male versus female
speaker, the use of live voice versus recorded word lists, and whether
people who use hearing aids or cochlear implants are tested with or
without their devices. Other types of speech tests, using sentences in-
stead of words, with or without background noise, are discussed in Chap-
ter 3; none of these is widely used in the United States at present.

Pure-tone audiometry is a test of auditory sensitivity. The softest
sound that can be heard (threshold) is recorded for each ear, for tones
ranging from low frequencies (250 Hz is approximately middle C) to high
frequencies (8000 Hz is one octave above the highest note on the piano
keyboard). A graph of threshold versus frequency is called an audiogram.
Audiometry measures the ability to detect simple sounds, and thresholds
for the frequencies most important for speech communication correlate
approximately with the level of difficulty people experience in daily life
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(e.g., 25 to 40 dB = “mild” hearing loss, 40 to 55 dB = “moderate” hearing
loss, etc.; see Table 3-1 for complete classification of hearing loss). Audi-
ometry does not directly measure other auditory abilities, such as sound
recognition, sound localization, and speech recognition. Because of this
limitation, scientists and clinicians have sought better ways to assess real-
world hearing abilities for over 60 years.

At the beginning of World War II, some otologists thought that speech
tests should be used instead of audiometry to determine fitness for duty,
but the prevailing expert opinion was that “speech tests are very unreli-
able” (Fowler, 1941, p. 941). In the 1950s, a committee of the American
Medical Association (AMA) hoped that valid and reliable tests of every-
day speech understanding would soon be available, ending what they
believed to be a “temporary” reliance on audiometric methods of estimat-
ing the impact of hearing loss (American Medical Association, 1955). For
reasons we discuss below, this never happened.

The AMA continues to recommend pure-tone audiometry for the
evaluation of hearing impairment (American Medical Association, 2001),
and no state or federal agency uses speech tests to determine eligibility
for workers” compensation benefits (the Veterans Administration uses
both pure tones and speech for eligibility for disability benefits, but has
an alternate procedure using only pure-tone audiometry for cases in
which speech tests are deemed unreliable). As in the United States, com-
pensation schemes in Canada (Alberti, 1993), Ireland (Hone et al., 2003),
and Australia (Rickards et al., 1996) use pure-tone audiometry. Some pro-
grams in the United Kingdom also use pure-tone audiometry (King et al.,
1992), but others do not (Niven-Jenkins, 2004). Members of the committee
do not know the methods used in other countries.

For a hearing disability to be determined, the SSA medical listing
criteria for adults require, for the better ear, either:

1. Pure-tone average (PTA) air conduction threshold, for 500, 1000,
and 2000 Hz, (PTA 512)? of 90 dB hearing level or greater, with corre-
sponding bone conduction thresholds, or

2. Speech discrimination score of 40 percent or less, at a level “suffi-
cient to ascertain maximum discrimination ability.”

The committee was unable to discover the history or rationale for
these criteria. In addition, while the references to the better ear and to
“maximum discrimination ability” suggest tests done using earphones,

2Throughout this report, PTA refers to a pure-tone average of 500, 1000, and 2000 Hz
(often abbreviated as PTA 512) unless otherwise specified.
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without the use of cochlear implants or hearing aids, the medical listings
are ambiguous. They mandate neither testing with earphones nor aided
testing, but they refer to “hearing not restorable by a hearing aid,” and a
separate SSA manual (Social Security Administration, 2003b) states that
aided testing should be done for individuals who use hearing aids or
when there is a “probability that the hearing level can be improved by a
hearing aid.” The committee has been advised by SSA staff that this policy
is generally disregarded, and that when the results of aided testing have
been the sole basis for denial of benefits, appeals to administrative judges
have usually been successful. Thus, in this report, we assume that the
current medical listings (for both adults and children) refer to unaided
hearing tests, performed using earphones.

The audiometric criterion level (PTA =90 dB or worse) is equivalent
to “profound” hearing loss in ordinary clinical terminology. People with
hearing loss of this magnitude almost always consider themselves “deaf.”
If the goal is to predict “inability to engage in any substantial gainful
activity,” the 90 dB criterion will produce both false positive errors (grant-
ing eligibility to people who can work) and false negative errors (denying
eligibility to people who cannot work). In the SSA process false negative
errors in Step 3 can be reversed in Steps 4 and 5 (i.e., the applicant may
succeed in obtaining eligibility based on factors including age and experi-
ence), while false positive errors in Step 3 are generally irreversible.

Many—perhaps most—adults with severe to profound hearing loss
do work, and some who use hearing aids and cochlear implants work in
jobs that require frequent speech communication (some of those will be
false positives, if the 90 dB criterion is used). Conversely, many people are
genuinely disabled by lesser degrees of hearing loss (false negatives). For
example, even with well-fitted hearing aids, many people with PTA be-
tween 80 and 90 dB understand fewer than 60 percent of words in sen-
tences at conversational levels (Flynn et al., 1998). They would probably
have difficulty in many tasks requiring hearing without the assistance of
vision, such as using the telephone. Such a person whose job had always
required telephone work, and whose age and experience realistically pre-
cluded other work, might be unable to work but would fail to meet the 90
dB criterion of Step 3. This person could still be found eligible in Steps 4
and 5.

The committee is unaware of any data, from SSA or other sources,
that attempt to quantify the problem of false positive and false negative
errors using the current medical listing criteria. Such data, if available,
could suggest changes in those criteria. For example, if the percentage of
people who reenter the workforce after failing to meet medical listing
criteria were found to drop sharply for PTA worse than 70 or 80 dB, this
might support a lower (more liberal) PTA criterion.
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By requiring absent bone conduction thresholds at the limits of the
audiometer, SSA limits the medical listings to hearing loss that is purely
or predominantly sensorineural (due to inner ear disorder), rather than a
“mixed” hearing loss that could include a large conductive (outer or
middle ear) component. The rationale for this requirement is unstated.
While it is generally accepted that persons with conductive hearing losses
usually function better with hearing aids than people with purely senso-
rineural hearing losses of the same severity, this may not be true for
people with profound mixed hearing losses.

The speech discrimination criterion for adults (40 percent or worse
for monosyllables) is more difficult to relate to everyday difficulties. It has
long been known that the level “at which 50 percent [of monosyllables] is
correctly understood is a little above the level at which we can easily
understand ordinary connected speech” (Davis, 1960, p. 191). According
to American National Standard ANSI S3.5 (2002b), a score of 40 percent
for monosyllables predicts that words in familiar sentences will be under-
stood with greater than 90 percent accuracy, while words in novel sen-
tences will be understood with about 75 percent accuracy (without being
able to see the speaker’s face). Thus, a 40 percent score for isolated mono-
syllables would imply at least some difficulty in everyday life for most
persons (for example, using the telephone), but not necessarily inability to
communicate by speech at work, especially in situations in which the
listener can see the speaker’s face. Speech discrimination is an important
part of the current criteria, because many applicants with PTA much
better than 90 dB will have maximum speech discrimination scores (un-
der earphones) below 40 percent. Dubno et al. (1995) have suggested that
people with 70 dB PTA have mean speech discrimination scores of 50
percent, and 5 percent of them will have scores below 25 percent.

The SSA speech discrimination listing, like the audiometric listing,
will produce both false positive and false negative errors. In addition,
speech discrimination scores are subject to additional sources of error:
increased problems with reliability, validity, exaggeration (discussed in
the following paragraphs), and reliance on a subject’s knowledge of the
language used in the test (see nonauditory factors below).

Because of lack of standardization, a 40 percent score from one audi-
ologist is not equivalent to a 40 percent score in another office, where the
word list, the voice, and the presentation level may all be different. Even
under identical conditions, test-retest reliability is worse for speech dis-
crimination tests than for pure-tone audiometry. The 95 percent confi-
dence interval for a 40 percent score is quite wide: 26 to 55 percent
(Thornton and Raffin, 1978). This means that if a claimant who scored 40
percent on a single test were subjected to a large number of test repeti-
tions and that person’s “true score” is defined as the average of all the
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individual scores, one can be pretty sure that the true score is between 26
and 55 percent. This assumes the use of a 50-word list for each test (the
confidence interval would be even wider when using the 25-word lists
typically used in clinical testing).

The validity of monosyllable speech discrimination tests given in
quiet, often at levels considerably above the levels of conversational
speech, has been severely criticized because most real-world speech in-
volves sentences, with variable types and amounts of background noise.
Indeed, reviews of studies comparing pure-tone audiometry with speech
perception tests as predictors of subjects’ self-report of hearing difficul-
ties have usually found pure-tone audiometry to be superior (Dobie and
Sakai, 2001; Hardick et al., 1980; King et al., 1992). (Measures of health-
related quality of life could in principle be used instead of self-report of
hearing difficulty to validate different types of hearing tests; this poten-
tial approach is discussed in Chapter 6.)

It is not yet clear whether other types of speech tests, such as those
using sentences, perform better than monosyllable tests or pure-tone tests
as predictors of real-world difficulties. Simply substituting sentences for
words only begins to address the range of real-world speech communica-
tion, which involves many other variables, such as:

1. Background noises of different types, levels, and locations;

2. Speech that varies in complexity, familiarity, level, speed, and even
frequency composition (e.g., shouted speech contains relatively more
high-frequency energy than spoken speech);

3. Distortion introduced by such transmission systems as two-way
radios or by reverberation in enclosed environments;

4. Opportunity to request repeats of misheard words or sentences;

5. Different speakers (men, women, children, different accents, etc.);

6. Opportunity to see the speaker’s face;

7. Linguistic and cognitive factors for speaker and listener (see
nonauditory factors below);

8. Need to respond quickly; and

9. Duration of the task (need for auditory “stamina”).

No published speech test has attempted to capture variations in even
half of these factors. As long as 55 years ago, Davis and his colleagues
(Davis, 1948) developed a battery of speech tests (the Social Adequacy
Index), given at three different intensity levels, in an attempt to capture at
least some of this range, but this strategy was abandoned because the
tests took too long. Other tests, described in Chapter 3, have used sen-
tences of varying difficulty or presented background noise—of a single
type—at different levels. But valid and reliable simulation and prediction
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of real-world performance with speech tests of reasonable length remains
a challenge (Gatehouse, 1998).

Speech tests are also more susceptible to exaggeration than pure-
tone tests, an important consideration for medical-legal testing (Ameri-
can Speech-Language-Hearing Association, 1981). Audiologists have
many methods to detect exaggeration on pure-tone audiometry, and
when behavioral tests cannot be trusted, evoked potentials can be used
to estimate the pure-tone audiogram. No such tools have been described
that can either detect exaggeration on speech discrimination tests or esti-
mate “true” performance for an uncooperative subject.

The SSA medical listings for children use the same tests as for adults,
but with different criteria for pure-tone audiometry. The average thresh-
old for 500, 1000, 2000, and 3000 Hz (PTA 5123) is used, instead of the
three-frequency average used for adults. For children below the age of 5,
the better-ear criterion is 40 dB; from age 5 to 17, the criterion is 70 dB,
unless there is a coexistent speech or language disorder (then it is 40 dB,
as for younger children). The speech discrimination criterion, which is
applied only to children age 5 and older, is 40 percent, as for adults. The
committee was unable to discover the history or rationale behind these
criteria.

The committee noted the SSA’s interest in knowing whether “objec-
tive” hearing tests could replace or supplement the behavioral tests that
now are used.? These tests (otoacoustic emissions and evoked potentials),
discussed in Chapter 3, are extremely useful for such purposes as new-
born hearing screening and determining the part of the auditory system
that is affected in an individual. For example, they are essential when
making a diagnosis of auditory neuropathy. They do not help to estimate
the impact of hearing loss in everyday life for an adult who is able and
willing to cooperate and to provide valid results in behavioral testing. For
small children and uncooperative adults, however, evoked potential tests
may provide the best or only available information regarding auditory
sensitivity; in such cases, evoked potential threshold estimates can be
used in place of unobtainable or unreliable behavioral thresholds.

Hearing-Critical Work and Everyday Activities

Each of the auditory abilities described in Chapter 2 is important in
some workplaces. Many workers need to be able to detect simple sounds

3These test are called “objective” because they do not require that the person being tested
provide a voluntary response to a sound stimulus. However, clinical judgment is required
in their scoring and interpretation.
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such as back-up beepers and fire alarms. Knowledge of a person’s audio-
gram, combined with the intensity and frequency content of both a warn-
ing signal and any interfering background noise, will usually permit a
valid prediction of that person’s ability to hear the warning signal (Inter-
national Organization for Standardization, 2003). Other workers need to
discriminate one sound from another (for example, normal versus abnor-
mal functioning of a piece of equipment) or to localize sounds that may
come from different directions. No tests of sound localization or discrimi-
nation of nonspeech sounds are in common clinical use.

Most workers need to communicate using speech. Speech communi-
cation on the job is at least as variable in difficulty as everyday speech. A
lawyer listening to a soft-spoken witness or to several angry people talk-
ing at once is performing very different tasks from an air traffic controller
guiding airplanes to their runways. Entry requirements for many jobs
(e.g., as set by the Department of Defense, the Department of Transporta-
tion, and many local police and fire departments) require relatively good
hearing, based on pure-tone audiometry. In general, these criteria appear
to have been based on expert judgment rather than on evidence relating
audiometry to job performance, and these entry criteria vary widely across
agencies, even for jobs that are substantially identical. In workplaces cov-
ered by the Americans with Disabilities Act, if speech communication is
not an “essential function” of the job, “reasonable accommodation” for
hearing-impaired persons may include substitution by email, text mes-
saging, occasional use of sign translators for meetings, etc.

Despite the obvious importance of hearing in most jobs, hearing loss—
even when severe or profound—is far from an absolute impediment to
employment. Most adults ages 18 to 44 (and almost half of those ages 45
to 64) with severe to profound hearing loss are employed (Blanchfield et
al., 2001). Similarly, 75 percent of working-age men who described them-
selves as “deaf in both ears” on the National Health Interview Survey
were employed (Houtenville, 2002). Some of these people derive signifi-
cant benefit from hearing aids and cochlear implants, enabling them to do
jobs that require some hearing abilities. Others work in jobs that do not
require hearing ability at all or that have been modified to accommodate
their disabilities. It seems unlikely that there is any measurable degree of
hearing loss that can reliably predict the “inability to engage in any sub-
stantial gainful activity” without taking into account a person’s age, edu-
cation, and work experience.

Prosthetic Devices

Until the widespread availability of cochlear implants in the 1980s,
persons with hearing loss had to function either unaided or with conven-
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tional hearing aids, which are essentially amplifiers that make some inau-
dible sounds audible. The AMA’s Guides to the Evaluation of Permanent
Impairment (American Medical Association, 2001) and almost all state and
federal workers’ compensation programs (including the Veterans Ad-
ministration) base estimation of the impact of hearing loss entirely on
unaided testing. While this approach ignores the benefit of hearing aids, it
preserves at least a reasonable ranking of severity across individuals. For
example, three patients with mild, moderate, and severe hearing loss
(unaided) would be expected to have the same relative performance rank-
ing with hearing aids: the patient with mild hearing loss would probably
have the best aided performance, and the patient with severe hearing loss
would have the poorest aided performance. An exception to this general
practice is the California workers” compensation system, which combines
aided and unaided tone thresholds into an overall estimate of severity of
hearing loss.

Some decades ago, there was considerable enthusiasm for aided
speech testing (in a sound field rather than under headphones) as a
method of selecting the “best” hearing aid for an individual or estimat-
ing the impact of (aided) hearing loss on that person. That enthusiasm
has waned considerably. Dempsey (1994, p. 731) has stated “The feeling
of a significant number of researchers today is that no particular speech
test or speech stimulus has been shown to be a reliable or valid predictor
of performance with a hearing aid.” Of dispensing audiologists who
responded to a recent mailed survey, only about half used aided speech
discrimination tests at all; of those who used such tests, most used mono-
syllables in quiet. Only 3 percent of respondents used sentence tests
(Mueller, 2001).

Cochlear implants required a return to aided sound field speech test-
ing, because neither aided nor unaided pure-tone thresholds could pre-
dict the degree of benefit an individual received from a cochlear implant.
A cochlear implant’s external sound processor can be adjusted to produce
aided pure-tone thresholds at any desired level, but these thresholds are
unrelated to the ability to understand speech, which is extremely variable
across individuals (Bilger, 1977; Rizer et al., 1988). Only by self-report or
aided speech testing can the performance of different cochlear implant
patients or devices be distinguished from one another.

Linguistic, Cognitive, and Other Nonauditory Factors

All behavioral tests, including even pure-tone audiometry, test more
than just the ear, requiring an alert and cooperative subject who is able to
respond when sounds are heard. When speech sounds are presented, the
subject must also possess some knowledge of spoken language in general
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and of the language being spoken. The importance of this knowledge
increases as the type of speech sound moves from nonsense syllables to
single words to sentences.

Native speakers find sentences much easier than single words or non-
sense syllables, because they can use multiple types of cues to “fill in the
blanks” when words and sounds have been misheard. One type of cue
involves familiarity with individual speech sounds (phonemes); every
language has a limited set of phonemes (English has about 40) selected
from a much larger set represented in the world’s languages (the Interna-
tional Phonetic Alphabet has over 100 symbols, which can be combined to
describe hundreds of different speech sounds). A second type of cue is
that some phoneme combinations never occur in a particular language,
even in nonsense words (“tsetse,” a borrowed word from Bantu, is “ille-
gal” in English). At the level of “real” words, a native speaker knows that
if what was heard sounded like “traj,” the word actually spoken was
probably “trash.” Finally, in listening to sentences, all of these lower level
clues combine with knowledge of grammar and context; if what was
heard was “Cake me out to the ball dame,” any native speaker of Ameri-
can English will know what was actually said.

A test of sentence understanding would obviously be more similar to
real-world speech communication than a test using tones, nonsense syl-
lables, or words. As one approaches real-world performance, linguistic
and cognitive factors become more important (and the state of the ears
becomes relatively less important). Children, nonnative speakers, and
people who are intoxicated, sick, demented, or just tired perform less well
on speech tests than alert, cooperative adults who are native speakers—
and the differences in performance are greatest for sentences. Even eld-
erly people without frank dementia have more difficulty remembering
sentences than individual words they have just heard (Gordon-Salant and
Fitzgibbons, 1997). Any speech test that is proposed for use in disability
determination will be vulnerable to these nonauditory effects.

If the job requires speech communication in English, the distinction
between auditory and nonauditory problems may be unimportant, but
many people who speak English poorly have jobs where other languages
are spoken exclusively, and for them a test of ability to understand En-
glish is irrelevant to their ability to work.

In routine clinical practice, speech understanding is tested without
permitting the subject to see the speaker, yet much of everyday speech,
including speech in the workplace, occurs in a face-to-face context, per-
mitting the use of visual cues for “speech-reading.” Vision is especially
important in difficult listening situations. For example, Grant and Seitz
(2000) presented unfamiliar sentences (e.g., “the birch canoe slid on the
smooth planks”) together with background noise as intense as the sen-
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tences to 34 patients with mild to severe hearing loss. When listening
without vision, the patients could identify only about half of the key
words in the sentences (mean = 49 percent correct, range = 9 to 87 per-
cent), but when they were allowed to see the speaker’s face, performance
improved markedly (mean = 84 percent, range = 56 to 99 percent). In
almost all cases, the addition of vision reduced the number of errors made
by more than 50 percent. In another study of patients with hearing loss
ranging from mild to moderately severe, speech-reading ability (estimated
by the improvement in performance when subjects could see the speaker)
was a strong predictor of self-reported disability—almost as strong as
PTA or speech threshold in quiet, and much stronger than the ability to
understand speech in noise without vision (Corthals et al., 1997). These
studies probably did not include people with significant visual impair-
ment, but it seems obvious that people with substantial impairments in
both vision and hearing would have greater difficulty in face-to-face con-
versation than people with equivalent hearing loss and good vision.

In the workplace, training and experience must be added to the list of
important nonauditory factors. Specialized vocabulary and frequently
used phrases, once learned, make communication on the job easier, espe-
cially in the presence of background noise or distortion. Workers who
know the job well can often predict, based on the task being done at the
time, which of these stereotyped messages is most likely to be delivered.
Standardized hearing tests cannot measure these skills.

Even after considering some of the factors described above, individu-
als vary in the degree of difficulty they report for a given degree of hear-
ing loss. Some deny that they have a problem, while others complain of it
(Demorest and Walden, 1984). Additional factors that seem to increase
the likelihood of elevated complaint behavior include youth, neurosis,
and low intelligence quotient (Gatehouse, 1990).

PREVALENCE AND DEMOGRAPHICS
OF HEARING IMPAIRMENT

Prevalence of hearing loss in the United States is estimated from a
number of different sources, which collect their data using varying pro-
cedures. The National Health Interview Survey (Pleis and Coles, 2002),
which publishes the prevalence of chronic health conditions reported by
adults, estimates that 17 percent of adults in the United States, or 34
million people, indicate some hearing difficulty. The prevalence of men
experiencing hearing difficulty is greater than the prevalence of women
experiencing hearing difficulty, with 20.8 percent of adult men having
hearing trouble compared to 14.1 percent of adult women having hear-
ing trouble. In addition, the prevalence of reported hearing loss increases
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with age: 8.4 percent of the population ages 18-44, 20.6 percent of the
population ages 45-64, 34.1 percent of the population ages 65-74, and 50.4
percent of the population age 75 and older report some problems with
hearing. These estimates include persons with conductive and senso-
rineural hearing loss and are not verified directly with audiometric ex-
amination.

Hearing loss prevalence is also derived from direct audiometric as-
sessment in representative samples of the population. For example, a
population-based epidemiological study conducted in Beaver Dam, Wis-
consin, examined vision and hearing in the older population of a pre-
dominantly white, non-Hispanic Midwestern town. Among older adults
ages 48-92 in this study, the prevalence of measured hearing loss (defined
as a PTA 5124 of 25 dB or greater) was 45.9 percent. Prevalence in the
subgroup ages 48-59 was 21 percent (Cruickshanks et al., 1998). This rate
appears to be congruent with the rate of self-reported hearing loss. The
prevalence of severe to profound hearing loss among the U.S. population
has also been estimated from national data and ranges from 464,000 to
738,000, with 54 percent of this population over age 65 (Blanchfield et al.,
2001).

Among children, the estimated prevalence of hearing loss is 1.26 per-
cent based on family report (National Center for Health Statistics, 1996).
Other reports suggest that 5 percent of children 18 years and under have
hearing loss (U.S. Department of Health and Human Services, 1991). Mea-
sured hearing thresholds in a sample of children ages 6-19 are available
from the National Health and Nutrition Examination Survey (NHANES-
III). Niskar et al. (2001) suggest that 12.5 percent have noise-induced hear-
ing threshold shifts in one or both ears. Projecting this prevalence rate to
the national population suggests that approximately 5.2 million children
are estimated to have noise-induced threshold shifts in one or both ears.
Among every 1,000 children in the United States, 83 have an education-
ally significant hearing loss (U.S. Public Health Service, 1990). The total
number of students receiving special education services for hearing loss
in the United States is 43,416 (Gallaudet Research Institute, 2002). The
number of children among this sample with known additional disabilities
is 14,588, or 33.6 percent.

The rate of hearing aid and cochlear implant use by persons with
hearing loss is relatively low, especially among adults. The total number
of persons using a hearing aid in the United States is approximately 4.15
million (12.2 percent), with the majority of users age 65 and older (Na-
tional Center for Health Statistics, 2002). In the Beaver Dam Epidemiol-
ogy of Hearing Loss Study, the prevalence of hearing aid use among
adults ages 48 to 92 with hearing loss was 14.6 percent (Popelka et al.,
1998). In the United States, about 13,000 adults have cochlear implants
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and nearly 10,000 children have them (National Institute for Deafness and
other Communication Disorders, 2004). Among children receiving special
educational services for hearing loss, 6.2 percent use a cochlear implant
and 62.9 percent use a hearing aid for instructional purposes (Gallaudet
Research Institute, 2002).

THE SOCIAL SECURITY CONTEXT*

SSA administers benefits programs for people with long-lasting dis-
abilities that severely affect their ability to work or, for children, to per-
form everyday activities like their peers. Under Title II of the Social Secu-
rity Act, workers covered by Social Security may qualify for benefits called
Social Security Disability Insurance (SSDI, often referred to as DI). Under
Title XVI, adults and children whose income and assets are low may
qualify for Supplemental Security Income (SSI) disability benefits, which
are means-tested. It is possible for a beneficiary to qualify for and receive
both SSDI and SSI benefits, and nearly 10 percent of Social Security dis-
ability beneficiaries do so.

When children and adults apply for disability benefits and claim that
a hearing loss has limited their ability to function, SSA is required to
determine their eligibility for disability benefits. (See Appendix A for a
glossary of terms used in reference to SSA disability programs.) To ensure
that these determinations are made fairly and consistently, SSA has de-
veloped criteria for eligibility and a process for assessing each claimant
against the criteria. The criteria are designed to make the determination
process as objective as possible, but to leave some room for considering
individual circumstances. The criteria include duration and severity of
the disabling condition, employment and income (and assets for SSI),
“medical listings” of conditions that are presumptively disabling, and the
vocational factors of age, education, and work experience.

In the case of adults with hearing loss, SSA has medical listings crite-
ria that partially correspond to the conventional audiological definition of
“profound” hearing loss (see Chapter 3 for categorization of hearing loss).
These criteria are identical for SSDI and SSI benefits. For people who do
not meet the medical listings criteria, additional tests of hearing may be
used to evaluate functional capacity, but there are no clear guidelines at
present for evaluating hearing losses that do not meet the medical listings
criteria.

4Parts of this section describing SSA programs and procedures have been adapted from
the corresponding section in an earlier NRC report, Visual Impairments: Determining Eligibil-
ity for Social Security Benefits (National Research Council, 2002).
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SSDIl is funded by the Social Security Trust Fund, the same trust fund
as the well-known SSA retirement program. It is a contributory plan; that
is, one must have worked under and contributed to the Social Security tax
program (FICA) to be eligible for these benefits. SSDI covers only work-
ing-age adults and their dependents. At retirement age, SSDI beneficia-
ries transition to the retirement benefits program.

SSlis a means-tested program for old-age assistance, aid to the blind,
and aid to permanently and totally disabled adults. Disabled children
from families with limited income and resources are also covered under
this program. The program considers both income and assets in its
means-testing. SSI disability determinations are made using the same
process and criteria as the SSDI program. SSI children who are 18 and
under are evaluated using a process and criteria different from those
applied to adults. Funding for this program is not from the Social Secu-
rity Trust Fund; SSI is primarily funded through congressional appro-
priations. Adult eligibility for entitlement under both the SSI and SSDI
programs is based on demonstrating that a disabling, medically deter-
minable impairment is present in an individual whose labor earnings
capacity has fallen below a set limit, termed substantial gainful activity
(SGA). Neither SSDI nor SSI has provisions for variable benefits based on
severity of impairment; the claimant either meets the disability criteria or
does not.

SSlis the only program of the SSA that covers children with disability.
The definition of disability for children is somewhat different from that
for adults, and it has been changed more than once in recent years in
response to litigation and legislation. Currently, if children do not meet
the specifically listed medical criteria defining disability, they must be
considered under an equivalence standard. The equivalence of their im-
pairment to the specifically listed medical criteria must be evaluated by
its medical or functional consequences; that is, it can medically equal a
listed criterion or, using the functional domains cited in the SSA regula-
tions, it can be judged functionally equivalent to the intent of the listings.
The methodology used to make this decision is discussed in a later section.

Social Security Disability Determinations and
Caseload for Hearing Impairment

Early in this study, the SSA provided the committee with statistical
tables on claimants and beneficiaries with hearing impairments for the
years 1997-2001 for determinations and 1998-2001 for numbers of benefi-
ciaries. The SSA staff noted that the statistics from which these tables
were prepared are subject to various types of error but are the best data
available. Over the period 1998 through 2001, the total number of current

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11099.html

ecurity Benefits

26 HEARING LOSS

beneficiaries with a primary diagnosis of hearing impairment, including
both SSDI (Title II) and SSI (Title XVI) beneficiaries, increased from just
under 100,000 to nearly 106,000. In addition, 10,686 (in 1998) to 21,876 (in
2001) beneficiaries annually received benefits with hearing as a secondary
impairment.

SSA did not provide figures for dollar costs of hearing impairment
benefits. However, SSA was recently able to provide us with the number
of beneficiaries in current pay status (as of May 2004) for hearing and
related impairments (vertiginous syndromes, other ear disorders, and
deafness), shown in Table 1-1, and with average monthly benefits for all
disability beneficiaries. The average monthly benefit for DI disabled work-
ers in 2003 was $844 and the average paid to SSI disabled beneficiaries
was $433, but payment amounts specifically for hearing-impaired benefi-
ciaries were not available. If it is assumed that these beneficiaries received
the average benefit, then at this time the DI worker beneficiaries, primary
and secondary, were receiving over $60 million per month and SSI benefi-
ciaries were receiving a bit over $31 million per month in benefits. (Non-
worker beneficiaries are not included in these estimates, because their
average benefit was not provided.) This comes to a total of nearly $1.1
billion per year.

For the years 1997-2001, the total number of claims per year with a
primary diagnosis of hearing impairment showed no major change, vary-
ing between 15,400 and 16,600. The percentage of these claims allowed
(awarded benefits) increased from 39 percent in 1997 to 47 percent in
2001. The overall number of disability claims has been rising since 2001
(Social Security Administration, 2004), but we do not have the most recent
figures for hearing impairment claims. Claim allowance rates are consis-
tently highest for children under age 5 and for older working-age adults.

TABLE 1-1 SSA Beneficiaries in Current Pay Status for the Impairment
Codes of Vertiginous Syndromes, Other Ear Disorders, and Deafness,
May 2004

Beneficiary Disability Insurance: Disability Insurance: =~ Supplemental
Type Workers Auxiliary? Security Income
Primary

impairment 57,847 9,748 56,838
Secondary

impairment 13,543 1,879 14,800

2DI nonworker beneficiaries, such as spouses and children.
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In parallel with this, the proportion of allowed claimants meeting or equal-
ing the listings is lowest for children under age 5 and for older adults, but
is above 90 percent for claimants over age 18 and under age 54 across this
time period. This indicates that the youngest and oldest groups are more
likely to receive favorable determinations based on vocational factors for
adults or on functional equivalence to the listings for children.

Procedures for Determining Disability

SSA reviews all claims for disability benefits using its sequential
evaluation process. For adults, the process has five steps; for children, a
three-step process is used.

Adults

For adults covered by SSDI and for adult SSI claimants, the disability
determination process follows the steps shown in Figure 1-1. The first
step of the sequential evaluation process requires that the disability exam-
iner working on behalf of SSA determine whether the claimant is engaged
in SGA. Each year the SSA formally establishes an average monthly earn-
ings level that serves to define SGA for disability. For 2004, the monthly
SGA limit is $810 for disabled claimants. If the claimant is determined not
to be performing SGA, the case goes on to Step 2 of the sequential evalu-
ation process. If the claimant is determined to be performing SGA, she or
he is found ineligible for benefits at this step.

At Step 2, the claimant must document through a report or medical
records provided by an acceptable medical source that a medically deter-
minable impairment is present that significantly limits his or her physical
or mental ability to do basic work activities. Furthermore, medical evi-
dence must support a judgment that the limitations imposed by the im-
pairment have lasted or can be expected to last for at least 12 months or
are expected to lead to the claimant’s death. If these criteria are satisfied,
the claim progresses to Step 3. If the criteria are not satisfied, the claimant
is found ineligible for benefits at this step.

Step 3 of the sequential evaluation process uses medical criteria as a
screening test to identify claimants who are obviously disabled. In this
step, SSA must decide whether the claimant’s medically determinable
impairment(s) meets or equals in severity the specific medical criteria
listed in 20 CFR Part 404, Subpart P, Appendix 1. This decision requires
concurrence of a medical or psychological consultant. If the claimant has
an impairment that is determined to meet or equal the listed criteria and
that level of impairment severity has been demonstrated to have lasted or
is expected to last for at least 12 months or to end in death, the claimant is
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Step 1. Substantial gainful

Yes Not eligible
for benefits

activity?
U No

Step 2. Severe long-term
(> 12 mo.) impairment?

No . Not eligible
for benefits

U Yes

Eligible
for benefits <,:

Step 3. Impairment meets or
equals listings?

ﬂNo

Step 4. Impairment prevents
past relevant work?

No Not eligible

for benefits

ﬂ Yes

Eligible
for benefits <‘,:

Step 5. Impairment and
vocational factors prevent any
work?

No

. Not eligible

for benefits

FIGURE 1-1 SSA decision flow for adult disability determination.

found eligible for benefits. If not, the process continues to the consider-
ation of vocational factors in Steps 4 and 5.

At this point in the process, the adjudicative team assesses the re-
sidual functional capacity of the claimant. Form SSA-4734-BK, called
“Physical Residual Functional Capacity Assessment,” is used for physi-
cal impairments, and Form SSA 4734 is used when a mental impairment
has been identified. These are assessments of what the claimant can do in
spite of any physical and mental impairment over a 12-month period of
time. The forms require assessment of exertional, postural, manipulative,
visual, communicative, and environmental limitations. The auditory
functions listed include pure-tone threshold, tested by air and bone con-
duction, and speech discrimination (test unspecified).

In Step 4, the decision makers must determine whether any of the
claimant’s physical and mental limitations cited in the evaluations of re-
sidual functional capacity precludes the performance of “past relevant
work.” If the claimant is found able to perform past relevant work in spite
of cited physical and mental limitations, he or she is found ineligible for
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benefits. If the claimant is found unable to perform past relevant work,
the claim goes to Step 5.

In Step 5, the SSA uses a defined set of profiles and rules that consider
the claimant’s age, education, and work experience or skills. A decision is
made whether the claimant is capable of performing any work in the U.S.
economy. A so-called vocational grid is used as a decision aid, embody-
ing the rules for determining disability. The grid combines the vocational
factors and recommends findings for various combinations. Constructed
in 1979 based on information from the Dictionary of Occupational Titles
(Social Security Advisory Board, 2003), the grid reflects SSA’s evaluation
of the existence of work in the national economy. It was designed to be
used in cases of limitations of strength and stamina, for example, to con-
sider whether a claimant is able to perform “sedentary,” “light,” “me-
dium,” or “heavy” work. It is not useful for other functional limitations,
for which the assessment must be based on professional judgment. In
practice, the claimant’s age is quite important in this determination, with
older claimants, especially those over 55, not expected to learn new skills
to find a job in a new line of work.

If the claimant is found to have a disability under the rules of Step 5,
he or she is eligible for benefits. If he or she is found not to have a disabil-
ity, benefits are denied. If a claimant disagrees with SSA’s decision, sev-
eral levels of appeal are available.

Children

For children (covered only under SSI), a slightly different set of steps
is followed, as shown in Figure 1-2.

Steps 1 and 2 are the same as for adults. Step 3 for children is initially
the same as for adults. If a child is determined to have an impairment that
meets or medically equals the criteria cited in the listings, and that impair-
ment is expected to last for 12 months or to end in death, the child is
eligible for SSI disability benefits. Because Steps 4 and 5 for adults are not
appropriate for children, an additional decision point has been added to
Step 3 of the process for children. Under rules that took effect January 2,
2001, when a child is found to have a medically determinable impairment
that does not meet or medically equal a listed criterion, SSA must make a
determination of whether the child’s impairment(s) functionally equals the
intent of the listings.

The fundamental decision to be made is whether the functional ef-
fects of the impairment(s) are “marked and severe.” This is judged mainly
on the child’s ability to perform in six functional domains compared with
normative data based on the ability of an unimpaired child of the same
age. The regulations specify the functional domains to be considered and
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Step 1. Substantial gainful Yes : Not eligible
activity? for benefits

UNO

Step 2. Marked and severe
Not eligible
long-term (> 12 mo.) functional :>for be#gelflts

limitations?
U Yes

Eligible Yes | Step 3a. Impairment med-
for benefits < ically meets or equals listings?

UNO

Eligible ves |Step 3b. Impairment No Not eligi
gible
for benefits <——— functionally equals listings? ——— for benefits

FIGURE 1-2 SSA decision flow for infant and child disability determination.

give examples of age-appropriate levels of functioning for various age
groups (20 CFR §416.924-926a). The regulations state that “marked” limi-
tation “is the equivalent of the functioning we would expect to find on
standardized testing with scores that are at least two, but less than three,
standard deviations below the mean” (20 CFR §416.926a, (e) (ii)). “Ex-
treme” limitation is described in a subsequent section as equivalent to at
least three standard deviations below the mean. Box 1-1 shows the six
functional domains.

If the child meets the functional equivalence criteria, which may be
satisfied by showing marked limitations in two or more domains or ex-
treme limitation in one domain, she or he is judged medically eligible for
benefits. If not, she or he is ruled ineligible. All children who receive
benefits must have their eligibility reviewed when they reach age 18,
based on the adult SSI criteria.

Current Disability Criteria for Hearing

In the discussion of Step 3 of the sequential evaluation process, we
mentioned the listing of impairments found in Appendix 1 of Subpart P of
20 CFR Part 404. The hearing listings are based on measures of pure-tone
threshold, using air and bone conduction, and on speech discrimination
testing.
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BOX 1-1
Functional Domains Considered in Determining
Disability for Children

Acquiring and using information
Attending and completing tasks
Interacting and relating with others
Moving about and manipulating objects
Caring for yourself

Health and physical well-being

2

SOURCE: 20 CFR §416.926a.

Criteria for Adults

The requirements for testing and for documenting hearing loss of
adults are as follows (Social Security Administration, 2003a, p. 24):

Loss of hearing can be quantitatively determined by an audiometer
which meets the standards of the American National Standards Institute
(ANSI) for air and bone conducted stimuli (i.e., ANSI S3.6-1969 and
ANSI S3.13-1972, or subsequent comparable revisions) and performing
all hearing measurements in an environment which meets the ANSI stan-
dard for maximal permissible background sound (ANSI S3.1-1977).

Speech discrimination should be determined using a standardized mea-
sure of speech discrimination ability in quiet at a test presentation level
sufficient to ascertain maximum discrimination ability. The speech dis-
crimination measure (test) used, and the level at which testing was done
must be reported.

Hearing tests should be preceded by an otolaryngologic examination
and should be performed by or under the supervision of an otolaryngol-
ogist or audiologist qualified to perform such tests.

In order to establish an independent medical judgment as to the level of
impairment in a claimant alleging deafness, the following examinations
should be reported: Otolaryngologic examination, pure tone air and
bone audiometry, speech reception threshold (SRT), and speech discrim-
ination testing. A copy of reports of medical examination and audiologic
evaluations must be submitted.

Cases of alleged “deaf mutism” should be documented by a hearing
evaluation. Records obtained from a speech and hearing rehabilitation
center or a special school for the deaf may be acceptable, but if these
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reports are not available, or are found to be inadequate, a current hear-
ing evaluation should be submitted as outlined in the preceding para-
graph.

The criteria for hearing loss severe enough to be taken as prima facie
evidence of disability in adults are (p. 26):

e Average hearing threshold sensitivity for air conduction of 90 deci-
bels or greater, and for bone conduction to corresponding maximal lev-
els, in the better ear, determined by the simple average of hearing thresh-
old levels at 500, 1000, and 2000 Hz.; or

® Speech discrimination scores of 40 percent or less in the better ear.

Criteria for Children

The listings include special provisions for the evaluation of children
(Social Security Administration, 2003a, p. 111):

The criteria for hearing impairments in children take into account that a
lesser impairment in hearing which occurs at an early age may result in
a severe speech and language disorder.

Improvement by a hearing aid, as predicted by the testing procedure,
must be demonstrated to be feasible in that child, since younger chil-
dren may be unable to use a hearing aid effectively.

The type of audiometric testing performed must be described and a copy
of the results must be included. The pure tone air conduction hearing
levels in 102.08 are based on American National Standard Institute Spec-
ifications for Audiometers, S3.6-1969 (ANSI-1969). The report should in-
dicate the specifications used to calibrate the audiometer.

The finding of a severe impairment will be based on the average hearing
levels at 500, 1000, 2000, and 3000 Hertz (Hz) in the better ear, and on
speech discrimination, as specified in 102.08.

The listing criteria for children are as follows (pp. 111-112):
102. 08 Hearing Impairments

A. For children below 5 years of age at time of adjudication, inability to
hear air conduction thresholds at an average of 40 decibels (db) hearing
level or greater in the better ear; or

B. For children 5 years of age and above at time of adjudication:

1. Inability to hear air conduction thresholds at an average of 70 decibels
(db) or greater in the better ear; or

2. Speech discrimination scores at 40 percent or less in the better ear; or

3. Inability to hear air conduction thresholds at an average of 40 decibels
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(db) or greater in the better ear, and a speech and language disorder
which significantly affects the clarity and content of the speech and is
attributable to the hearing impairment.

As noted above, a child’s impairments are considered to be function-
ally equivalent to the intent of the listings if he or she has “marked”
limitations in two broad domains of function (see Box 1-1) or an “ex-
treme” limitation in one domain.

THE COMMITTEE’S APPROACH?

Models of Disability

The conceptual model underlying disability determination has been
undergoing changes over the past several years, especially since the pas-
sage of the Americans with Disabilities Act (ADA) in 1990. One newer
conceptualization follows a social model of disability, which postulates
that factors both within the individual and in his or her physical and
social/cultural environment combine to influence performance and par-
ticipation in everyday situations. An even newer formulation, the “new
paradigm” discussed by Pledger (2003), recognizes a “disability culture”
and approaches some issues as matters of civil rights for a minority group.
This approach stresses respect for people with disabilities as being ca-
pable of self-determination and independent decision making. It also ad-
vocates for people with disabilities to be in charge of their own assistance
and accommodations, rather than to have others determining what they
need.

These newer models replace the earlier stress on disability or handi-
cap and the negative aspects of an individual’s situation, emphasizing
instead the person’s remaining capabilities and how they can best be
supported to permit full economic and social participation. They also
replace earlier implications that disability was the simple and inevitable
result of an impairment. The ADA, based on the social model, represents
a commitment in the United States to help individuals with disabilities to
participate as fully as possible in the society and the economy.

The social model also underlies the approach now taken by the World
Health Organization toward disability and handicap. Whereas The Inter-
national Classification of Impairment, Disability, and Handicap (ICIDH)
(World Health Organization, 1980) established definitions for these

5Some of the descriptive parts of this section have been adapted from the corresponding
section in an earlier NRC report, Visual Impairments: Determining Eligibility for Social Security
Benefits (National Research Council, 2002).
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terms, the newer International Classification of Functioning, Disability and
Health (ICF) (World Health Organization, 2001) is an attempt to fully
account for the interactions between the individual and the physical and
social environment in determining the participation of an individual with
a disability. Further discussion of disability models is presented in
Chapter 6, where social and environmental aspects of disability are
considered.

Predicting Disability from Clinical Tests

The committee carefully considered the social model as it applies to
those with hearing loss, recognizing that the measured severity of hearing
loss does not inevitably predict a person’s disability or handicap. How-
ever, this model does pose a dilemma for using the measurement of hear-
ing loss as a surrogate for determining level of disability. In reviewing
data on audiological testing and functional status, the working hypoth-
esis was deceptively simple: increasingly severe hearing loss, by some
measure, is associated with increasing inability to carry out activities as-
sociated with employment or, in the case of children, age-appropriate
activities. The data bearing on this issue present a more complicated pic-
ture, because the same level of hearing loss can result in a wide spectrum
of disability level, depending on such diverse factors as duration and age
of onset of hearing loss, availability and quality of habilitation or rehabili-
tation services, education, age, gender, psychological adjustment, pres-
ence of other comorbid conditions, and social and environmental sup-
port. Thus, there is a great variability in functional status for any given
level of hearing loss.

The committee evaluated the fifth edition of the American Medical
Association’s Guides to the Evaluation of Permanent Impairment (American
Medical Association, 2001). These guides, used in many workers” com-
pensation procedures for disability determination, represent a more tra-
ditional quantitative approach to evaluating impairment and disability.
The chapter on philosophy, purpose, and appropriate use of the Guides in
the fifth edition explains: “The Guides continues to define impairment as
‘a loss, loss of use, or derangement of any body part, organ system, or
organ function.”” (p. 2). The chapter also states (pp. 4-5):

The whole person impairment percentages listed in the Guides estimate
the impact of the impairment on the individual’s overall ability to per-
form activities of daily living, excluding work. . . . The medical judgment
used to determine the original impairment percentages could not ac-
count for the diversity or complexity of work but could account for
daily activities of most people. Work is not included in the clinical
judgment for impairment percentages for several reasons: (1) work in-
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volves many simple and complex activities; (2) work is highly individ-
ualized, making generalizations inaccurate; (3) impairment percentag-
es are unchanged for stable conditions, but work and occupations
change; and (4) impairments interact with such other factors as the
worker’s age, education, and prior work experience to determine the
extent of work disability.

The section on disability in this chapter of the Guides discusses the
evolving definitions of the term, and then states (p. 8):

The Guides continues to define disability as an alteration of an individu-
al’s capacity to meet personal, social, or occupational demands or statu-
tory or regulatory requirements because of an impairment. An individu-
al can have a disability in performing a specific work activity but not
have a disability in any other social role.

It also states (p. 8):

The impairment evaluation, however, is only one aspect of disability
determination. A disability determination also includes information
about the individual’s skills, education, job history, adaptability, age,
and environmental requirements and modifications. Assessing these fac-
tors can provide a more realistic picture of the effects of the impairment
on the ability to perform complex work and social activities. If adapta-
tions can be made to the environment, the individual may not be dis-
abled from performing that activity.

On the whole, the AMA Guides are in agreement with the current
belief that impairment is only one of several factors determining an
individual’s ability to perform in daily life and the workplace and, conse-
quently, that many factors beyond medical impairment criteria should be
considered in determining whether any individual has a disability in a
given situation. Table 1-2 illustrates the definitions of impairment and
disability used in several systems.

In contrast to this approach, SSA currently uses “disability” or “dis-
abled” as a term that applies to those who are deemed eligible for disabil-
ity benefits as a result of the formal determination process. The agency
uses the terms to describe the relationship of the person to the criteria for
its programs, not necessarily as a description of his or her personal func-
tional status.

The SSA disability determination process follows a path starting with
a medical model, embodied in the listings of impairments, through Step 3
of the decision process. The listed medical conditions are assumed to
produce impairments so severe that individuals are disabled by the mere
presence of the condition, as determined by clinical diagnostic markers.
For persons whose conditions meet or equal the listings and who are not
engaged in SGA, SSA does not require that functional capacity be evalu-
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TABLE 1-2 Definitions of Impairment and Disability

Organization

Impairment

American Medical Association
Guides to the Evaluation of
Permanent Impairment

(5th ed., 2001)

World Health Organization (1999)

Social Security Administration
(1995)

State workers’ compensation
law (typical)

A loss, loss of use, or derangement of any body
part, organ system, or organ function.

Problems in body function or structure as a
significant deviation or loss. Impairments of
structure can involve an anomaly, defect, loss,
or other significant deviation in body structures.

An anatomical, physiological, or psychological
abnormality that can be shown by medically
acceptable clinical and laboratory diagnostic
techniques.

Permanent impairment “is any anatomic or
functional loss after maximal medical
improvement has been achieved and which
abnormality or loss, medically, is considered
stable or nonprogressive at the time of
evaluation. Permanent impairment is a basic
consideration in the evaluation of permanent
disability and is a contributing factor to, but
not necessarily an indication of, the entire
extent of permanent disability (Idaho Code
section 72-422).

SOURCE: American Medical Association (2001, p. 3).
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Disability

Physicians’ Role

Comments

An alteration of an
individual’s capacity to
meet personal, social, or
occupational demands
because of an impairment.

Activity limitation

(formerly disability) is a
difficulty in the performance,
accomplishment, or completion
of an activity at the level of
the person. Difficulty
encompasses all of the ways in
which the doing of the activity
may be affected.

The inability to engage in any
substantial, gainful activity by
reason of any medically
determinable physical or mental
impairment(s), which can be
expected to result in death or
which has lasted or can be
expected to last for a continuous

period of not less than 12 months.

“Temporary disability” means a
decrease in wage-earning
capacity due to injury or
occupational disease during a
period of recovery (Idaho Code
section 72-102[10]). “Permanent
disability” results when the
actual or presumed ability to
engage in gainful activity is
reduced or absent because of
permanent impairment and no
fundamental or marked change
in the future can be reasonably
expected (Idaho Code Section
72-423).

Determine impairment,
provide medical
information to assist in
disability determination.

Not specifically defined;
assumed to be one of the
decision makers in
determining disability
through impairment
assessment.

Determine impairment,
may assist with the
disability determination

as a consultative examiner.

“Evaluation (rating) of
permanent impairment” is
a medical appraisal of the
nature and extent of the
injury or disease as it
affects an injured
employee’s personal
efficiency in the activities
of daily living, such as
self-care, communication,
normal living postures,
ambulation, elevation,
traveling, and
nonspecialized activities
of bodily members (Idaho
Code section 72-424).

An impaired
individual may or
may not have a
disability.

Emphasis is on the
importance of
functional abilities
and defining context-
related activity
limitations.

Physicians and
nonphysicians need
to work together to
define situational
disabilities.

Purpose is to provide
sure and certain relief
to those who become
injured by accident or
suffer effects of
disease from
exposure to hazards
arising out of and in
the course of
employment.
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ated to determine eligibility for benefits. This “screening in” at Step 3 is
important to the SSA as a way to minimize the number of claimants for
whom Step 4 and 5 consideration of vocational factors, an expensive and
time-consuming process, must be performed. The criteria are purposely
set high, since the additional steps will give all claimants not meeting the
listing criteria an opportunity to be found eligible for benefits.

For those whose conditions do not meet or equal the medical listings,
SSA switches in Steps 4 and 5 to a more complex model, performing an
evaluation of functional capacity in relation to the work environment
(based on a model of physical work demands). The process evaluates the
claimant’s ability first to perform in recent relevant employment (Step 4)
and then to perform any work in the U.S. economy (Step 5). The voca-
tional grids mentioned earlier are used as decision aids when the impair-
ment is in the ability to perform physical labor, but for other work, the
guidance is sparse at best. The decision maker considers the claimant’s
age, education, and work experience as well as, by inference, transferable
skills. At this time, SSA prescribes no formal tests or evaluation protocols
(beyond the Residual Functional Capacity form completed by a physi-
cian) to determine what the claimant actually can do; no formal method
for determining what disability might result from an individual’s impair-
ments in the living and work environments; nor any assessment of the
mitigating effects of environmental accommodations or assistive technol-
ogy. Also there also is normally no face-to-face meeting between the claim-
ant and the decision maker in the initial determination process, although
this may change if some current pilot programs are successful. Vocational
experts may be brought in to aid the decision making. In practice, the
claimant’s age is important in this evaluation; most older claimants, espe-
cially those over age 55, are not expected to learn new skills to find a job in
a new line of work.

A recent report by the Social Security Advisory Board (2003) dis-
cussed in depth several difficulties with the SSA’s current approach. It
noted that (Social Security Advisory Board, 2003, p. 7):

The core definition of disability for the Social Security program adopted
fifty years ago was inability to do substantial work by reason of a phys-
ical or mental impairment. That core definition itself remains unchanged,
but the context in which it operates has changed a great deal, and its
validity, both as an administratively feasible definition and as an appro-
priate standard of benefit eligibility, is increasingly subject to challenge.

The report discussed several issues that are problematic, including
the following (p. 17):

The concept of disability has both medical and functional components.
The world of work has a wide variety of tasks that require a range of
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physical and intellectual functional capacities. . . Therefore a given med-
ical condition may or may not be “disabling” depending on the specific
functional capacities and how they interact with the educational and
vocational profile of the affected individual. A medical condition that
precludes highly exertional physical activity may be “totally” disabling
for an older individual with little education and an unskilled work his-
tory and not disabling for another individual who is highly skilled and
educated.

In a theoretical sense, accurately determining disability for Social Secu-
rity disability benefits would require that each individual be evaluated
to determine how their medical condition limits their functional capaci-
ty and then how these limitations interact with each individual’s age,
work history, and education. The end result would be a decision wheth-
er the medical impact on the individual’s functional capacities makes
work feasible.

The report acknowledged that the volume of claims has always made
such individual evaluations of all claimants impracticable, but noted also

(p-7):

[T]he proportion of initial allowances based strictly on medical factors
has declined from around 93 percent in the early years of the program to
82 percent in 1983 and to a 2000 level of 58 percent. By the end of the
appeals process, the proportion of allowances made on strictly medical
factors is around 40 percent, and because of coding deficiencies, possi-
bly even lower.

As noted above, individualized assessments of vocational disability
require knowledge of the specific demands of jobs. The committee re-
viewed some of the job taxonomies now available and considered the
reviews conducted by a previous NRC committee on visual impairments
(National Research Council, 2002), but we could not identify a database of
job demands that would be usable for SSA disability determination at this
time. The Disability Research Institute, a research consortium under con-
tract to the SSA, has reached a similar conclusion. A recent technical
report (Heinemann et al., 2002) from their project on job demands re-
viewed several systems and taxonomies that could serve as information
sources for SSA in determining the job demands of various occupations. It
stated (Heinemann et al., 2002, p. 42):

In summary, there are several reasons for conducting a separate study
for generating job demand variables for SSA’s use in disability determi-
nations. Some of the important reasons are: (a) Existing job analysis sys-

OFor hearing impairment, the percentage of awardees meeting the listings is still in the
90+ percent range, except for children and working age adults over age 55.
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tems do not sufficiently address the needs of SSA in assessing the RFC
of claimants for the purpose of determining disability, (b) with the ex-
ception of O*NET, the available job analysis inventories (and their de-
rived job demand variables) may not adequately reflect the fast chang-
ing world of work, especially the dot-com industry; while O*NET is a
new system, its serious deficiencies in meeting the needs of SSA are well
known . . . and (c) recent advances in measurement technology . . . allow
for a more precise assessment and simultaneous calibration of jobs and
job demand variables on a common metric.

These issues are among the ones that the committee sought to address
in its approach to the determination of disability for people with hearing
loss.

The Study Process

The committee performed an extensive literature review of topics
relevant to the study tasks, with individual committee members review-
ing the literature in their fields of special expertise. Two papers were
commissioned, one on assistive listening devices and one on the literature
relating hearing test performance to job performance. Data were obtained
from government and other sources when appropriate.

The committee debated the criteria it should impose for accepting
evidence for consideration in its work. First, it was agreed that any evi-
dence used should be available in the open published (including on-line)
literature, so that readers could examine it themselves if they wished to.
We preferred to use evidence published in peer-reviewed journals but
allowed other evidence as well, if we were able to determine that the
work had been rigorously performed. These sources included book chap-
ters, medical texts, papers presented at scientific and professional confer-
ences, technical reports, and government publications. (For demographic
and epidemiological data, the best sources were usually government re-
ports.) Other evidence, such as that from unrefereed journals or advocacy
groups, was evaluated very carefully before being accepted with caution.

The committee held a public forum in January 2003 to allow members
of the public and representatives of service and advocacy groups to pro-
vide information. About 80 organizations working with deaf and hard-of-
hearing people were sent invitations to nominate forum speakers, and
seven speakers subsequently participated. Each speaker was asked to
respond to a set of prepared questions, to encourage them to focus their
remarks on issues relevant to the committee’s tasks. All of the organiza-
tions were invited to have their representatives attend as guests as well.
There was time at the forum for open discussion and questions from
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guests. Appendix C includes lists of the organizations invited to nominate
speakers, the speakers, and the registered guests.

Guide to the Report

The remainder of this report is divided into six chapters. In Chapter 2
we review the basic mechanisms of hearing and the functioning of the
human auditory system and describe the types of hearing loss and their
causes. In Chapter 3 we review the testing of adult hearing and of the
auditory system, beginning with a description of a standard otological
exam and then turning to audiological testing. The chapter reviews cur-
rent tests and test theory and describes and evaluates the tests now man-
dated by the SSA for hearing disability determination and other tests that
were considered for possible use as replacements or augmentations of
those tests. We also discuss test conditions and protocols. In Chapter 4,
we present our conclusions on the testing of adults and our recommenda-
tions for tests and testing procedures. Chapter 5 is devoted to a discussion
of technological aids that can mitigate the effects of hearing loss: hearing
aids, prostheses such as cochlear implants, and assistive listening devices.
We review the state of the art for each type of device, discussing what is
known about how well each can improve the functioning of people with
hearing loss. In Chapter 6, we discuss what is known of the effects of
hearing loss on everyday life, work performance, and psychosocial ad-
justment. We evaluate the strengths and weaknesses of some instruments
used to measure these effects and review some psychometric issues in-
volved in their design and interpretation. Finally, Chapter 7 addresses
hearing loss in children. The chapter reviews the effects of hearing loss on
children’s speech, language, and educational development and the spe-
cial requirements and challenges of the development of hearing tests for
children. We review and evaluate current tests and present conclusions
and recommendations for testing children’s hearing, speech, and language
competence for SSA disability determination.

Four appendixes provide additional information. Appendix A con-
sists of two glossaries of SSA and technical terms. Appendix B describes
the standards of the American National Standards Institute pertaining to
bioacoustics that are referenced in the report. Appendix C lists the organi-
zations and speakers who were invited to the committee’s public forum.
Appendix D consists of biographical sketches of committee members and
staff.
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Basics of Sound, the Ear, and Hearing

In this chapter we review basic information about sound and about
how the human auditory system performs the process called hearing. We
describe some fundamental auditory functions that humans perform in
their everyday lives, as well as some environmental variables that may
complicate the hearing task. We also discuss the types of hearing loss or
disorder that can occur and their causes.

INTRODUCTION TO SOUND!

Hearing allows one to identify and recognize objects in the world
based on the sound they produce, and hearing makes communication
using sound possible. Sound is derived from objects that vibrate produc-
ing pressure variations in a sound-transmitting medium, such as air. A
pressure wave is propagated outward from the vibrating source. When
the pressure wave encounters another object, the vibration can be im-
parted to that object and the pressure wave will propagate in the medium
of the object. The sound wave may also be reflected from the object or it
may diffract around the object. Thus, a sound wave propagating outward
from a vibrating object can reach the eardrum of a listener causing the
eardrum to vibrate and initiate the process of hearing.

IMost of the description of sound, the auditory system, and auditory perception is de-
rived from Yost (2000).

42
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Sound waves can be mathematically described in two ways, that is, in
two domains. In the time domain, sound is described as a sequence of
pressure changes (oscillations) that occur over time. In other words, the
time-domain description of a sound wave specifies how the sound pres-
sure increases and decreases over time. In the frequency domain, the
spectrum defines sound in terms of the tonal components that make up
the sound. A tonal sound has a time-domain description in which sound
pressure changes as a regular (sinusoidal) function of time. If one knows
the tonal components of sound as defined in the frequency domain, one
can calculate the time-domain description of the sound. Using the same
analytic tools, the frequency domain representation of a sound can also be
calculated from the time-domain description. Thus, the time and fre-
quency domain descriptions of sound are two different ways of measur-
ing the same thing (i.e., the time and frequency domains are functional
equivalents). Thus, one can describe sound as temporal fluctuations in
pressure, or one can describe sounds in terms of the frequency compo-
nents that compose the sound.

Largely because tonal (sinusoidal) sounds are the bases of the fre-
quency domain description of sound, a great deal of the study of hearing
has dealt with tonal sounds. However, everyday sounds are complex
sounds, which are made up of many tonal frequency components. A com-
mon complex sound used to study hearing is noise. Noise contains all
possible frequency components, and the amplitude of the noise varies
randomly over time. A noise is said to be “white noise” if it contains all
frequency components each at the same average sound level.

A sound waveform has three basic physical attributes: frequency,
amplitude, and temporal variation. Frequency refers to the number of
times per second that the vibratory pattern (in the time domain) oscillates.
Amplitude refers to sound pressure. There are many aspects to the tem-
poral variation of sound, such as sound duration. Sound pressure is pro-
portional to sound intensity (in units of power or energy), so sound mag-
nitude can be measured in units of pressure, power, and energy. The
common measure of sound level is the decibel (dB), in which the decibel
is the logarithm of the ratio of two sound intensities or two sound pres-
sures. Frequency is measured in units of hertz (Hz), cycles per second.
Measures of time are expressed in various temporal units or can be trans-
lated into phase measured in angular degrees. Below are some definitions
of terms and measures used to describe sound.

® Sound pressure (p): sound pressure is equal to the force (F) pro-

duced by the vibrating object divided by the area (Ar) over which that
force is being applied: p = F/Ar.
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® DekaPascals or daPa; the Systéme International unit of pressure.
One daPa = 100 dynes per cm?, and one atmosphere = 10132.5 daPa.

* Sound intensity (I): sound intensity is a measure of power. Sound
intensity equals sound pressure squared divided by the density (p,) of the
sound-transmitting medium (e.g., air) times the speed of sound (c): I =
p?/p.c. Energy is a measure of the ability to do work and is equal to
power times the duration of the sound, or E = PT, where P is power and T
is time (duration) in seconds.

¢ Decibel (dB): dB = 10*log,,(I/1,.;) or 20*log,,(p/ P, Where I is
sound intensity, p is sound pressure, ref is a referent intensity or pressure,
and log,, is the logarithm to the base 10. When p_is 20 micropascals,
then the decibel measure is expressed as dB SPL (sound pressure level).

¢ Hertz (Hz): hertz is the measure of vibratory frequency in which
“n” cycles per second of periodic oscillation is “n” Hz.

® Phase (angular degrees): one cycle of a periodic change in sound
pressure can be expressed in terms of completing the 360 degrees of a
circle. Thus, half a cycle is 180 degrees, and so on. Thus, time (t) within a
cycle can be expressed in terms of phase (0, expressed in degrees), 6 =
360°(t)(f), where f = frequency in Hz, and t = time in seconds.

* Tone (a simple sound): a tone is a sound whose amplitude changes
as a sinusoidal function of time: Asin(2 nft + 0), where sin is the trigono-
metric sin function, A = peak amplitude, f = frequency in Hz, t = time in
seconds, and 0 = starting phase in degrees.

¢ Complex sound: any sound that contains more than one frequency
component.

e Spectrum: the description of the frequency components of sound;
amplitude spectrum describes the amplitude of each frequency compo-
nent; phase spectrum describes the phase of each frequency component.

¢ Noise: a complex sound that contains all frequency components,
and whose instantaneous amplitude varies randomly.

¢ White noise: a noise in which all of the frequency components have
the same average level.

The term “noise” can refer to any sound that may be unwanted or
may interfere with the detection of a target or signal sound. In some
contexts, a speech sound may be the signal or target sound, and another
speech sound or a mixture of other speech sounds may be presented as a
“noise” to interfere with the auditory processing of the target speech
sound. Often a mixture of speech sounds is referred to as “speech babble.”

The Auditory System

The ear is a very efficient transducer (i.e., a device that changes en-
ergy from one form to another), changing sound pressure in the air into a
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FIGURE 2-1 The anatomy of the auditory system. From Yost (2000, p. 66). Re-
printed with permission of author.

neural-electrical signal that is translated by the brain as speech, music,
noise, etc. The external ear, middle ear, inner ear, brainstem, and brain
each have a specific role in this transformation process (see Figure 2-1).
The external ear includes the pinna, which helps capture sound in
the environment. The external ear canal channels sound to the tympanic
membrane (eardrum), which separates the external and middle ear. The
tympanic membrane and the three middle ear bones, or ossicles (malleus,
incus, and stapes), assist in the transfer of sound pressure in air into the
fluid- and tissue-filled inner ear. When pressure is transferred from air to
a denser medium, such as the inner ear environment, most of the pres-
sure is reflected away. Thus, the inner ear offers impedance to conduct-
ing sound pressure to the fluid and tissue of the inner ear. The transfer of
pressure in this case is referred to as admittance, while impedance is the
restriction of the transfer of pressure. The term “acoustic immittance” is
used to describe the transfer process within the middle ear: the word
“immittance” combines the words impedance and admittance (im +
mittance). As a result of this impedance, there is as much as a 35 dB loss
in the transmission of sound pressure to the inner ear. The outer ear,
tympanic membrane, and ossicles interact when a sound is present to
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focus the sound pressure into the inner ear so that most of that 35 dB
impedance loss is overcome. Thus, the fluids and tissues of the inner ear
vibrate in response to sound in a very efficient manner.

Sound waves are normally transmitted through the ossicular chain of
the middle ear to the stapes footplate. The footplate rocks in the oval
window of the inner ear, setting the fluids of the inner ear in motion, with
the parameters of that motion being dependent on the intensity, fre-
quency, and temporal properties of the signal. The inner ear contains both
the vestibular system (underlying the sense of balance and equilibrium)
and the cochlea (underlying the sense of hearing). The cochlea has three
separate fluid compartments; two contain perilymph (scala tympani and
scala vestibuli), similar to the body’s extracellular fluid, and the other,
scala media, contains endolymph, which is similar to intracellular fluids.

The scala media contains the sensorineural hair cells that are stimu-
lated by changes in fluid and tissue vibration. There are two types of hair
cells: inner and outer. Inner hair cells are the auditory biotransducers
translating sound vibration into neural discharges. The shearing (a type
of bending) of the hairs (stereocilia) of the inner hair cells caused by these
vibrations induces a neural-electrical potential that activates a neural re-
sponse in auditory nerve fibers of the eighth cranial nerve that neurally
connect the hair cells to the brainstem. The outer hair cells serve a differ-
ent purpose. When their stereocilia are sheared, the size of the outer hair
cells changes due to a biomechanical alteration. The rapid change in outer
hair cell size (especially its length) alters the biomechanical coupling
within the cochlea.

The structures of the cochlea vibrate in response to sound with a
particular vibratory pattern. This vibratory pattern (the traveling wave)
allows the inner hair cells and their connections to the auditory nerve to
send signals to the brainstem and brain about the sound’s vibration and
its frequency content. That is, the traveling wave motion of cochlear vi-
bration helps sort out the frequency content of any sound, so that infor-
mation about the frequency components of sound is coded in the neural
responses being sent to the brainstem and brain.

The fact that the different frequencies of sound are coded by different
auditory nerve fibers is referred to as the place theory of frequency pro-
cessing, and the auditory nerve is said to be “tonotopically” organized in
that each nerve fiber carries information to the brainstem and brain about
a narrow range of frequencies. In addition, the temporal pattern of neural
responses of the auditory nerve fibers responds to the temporal pattern of
oscillations of the incoming sound as long as the temporal variations are
less than about 5000 Hz.

In general, the more intense the sound is, the greater the number of
neural discharges that are being sent by the auditory nerve to the
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brainstem and brain. Thus, the cochlea sends neural information to the
brainstem and brain via the auditory nerve about the three physical prop-
erties of sound: frequency, temporal variation, and level. The biome-
chanical response of the cochlea is very sensitive to sound, is highly
frequency selective, and behaves in a nonlinear manner. A great deal of
this sensitivity, frequency selectivity, and nonlinearity is a function of
the motility of the outer hair cells.

There are two major consequences of the nonlinear function of the
cochlea: (1) neural output is a compressive function of sound level. This
means that, at low sound levels, there is a one-to-one relationship be-
tween increases in sound level and increases in neural output; however,
at higher sound levels, the rate at which the neural output increases with
increases in sound level is lower. (2) The cochlea and auditory nerve
produce distortion products. For instance, if the sound input contains two
frequencies, f1 and f2, distortion products at frequencies equal to 2f1, 2{2,
f2-f1, and 2f1-f2 may be produced by the nonlinear function of the co-
chlea. The distortion product 2f1-f2 (the cubic-difference tone) may be
especially strong and this cubic-difference distortion product is used in
several measures of auditory function.

At 60 dB SPL the bones of the skull begin to vibrate, bypassing the
middle ear system. This direct vibration of the skull can cause the cochlea
to vibrate and, thus, the hair cells to shear and to start the process of
hearing. This is a very inefficient way of hearing, in that this way of
exciting the auditory nervous system represents at least a 60 dB hearing
loss.

There are many neural centers in the brainstem and in the brain that
process the information provided by the auditory nerve. The primary
centers in the auditory brainstem in order of their anatomical location
from the cochlea to the cortex are: cochlear nucleus, olivary complex,
lateral lemniscus, inferior colliculus, and medial geniculate. The outer,
middle, and inner ears along with the auditory nerve make up the periph-
eral auditory system, and the brainstem and brain constitute the central
auditory nervous system. Together the peripheral and central nervous
systems are responsible for hearing and auditory perception.

AUDITORY PERCEPTION

In the workplace, hearing may allow a worker to:
1. Communicate using human speech (e.g., communicate with a su-
pervisor who is giving oral instructions);

2. Process information-bearing sounds (e.g., respond to an auditory
warning);
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3. Locate the spatial position of a sound source (e.g., locate the posi-
tion of a car based on the sound it produces).

There is a wealth of basic knowledge about how the auditory system
allows for communication based on sound, informative sound process-
ing, and sound localization. Listeners can detect the presence of a sound;
discriminate changes in frequency, level, and time; recognize different
speech sounds; localize the source of a sound; and identify and recognize
different sound sources.

The auditory system must often accomplish these workplace tasks
when there are many sources producing sound at about the same time, so
that the sound from one source may interfere with the ability to “hear”
the sound from another source. The interfering sound may make it diffi-
cult to detect another sound, to discriminate among different sounds, or
to identify a particular sound. A hearing loss may make it difficult to
perform one or all of these tasks even in the absence of interfering sounds
but especially in the presence of interfering sounds.

Sound Detection

The healthy, young auditory system can detect tones in quiet with
frequencies ranging from approximately 20 to 20000 Hz. Figure 2-2 dis-
plays the standardized average thresholds for detecting tonal sounds of
different frequencies when the sounds are approximately 500 millisec-
onds (ms) in duration. The sounds to be detected can be presented over
calibrated headphones (minimal audible pressure, MAP, measures) or
from a loudspeaker in a calibrated free-field environment (minimal
audible field, MAF, measures). The headphones can be circumaural, that
is, with a headphone cushion that fits around the pinna and the earphone
speaker resting against the outside of the outer ear canal, or they can be
insert earphones whose earphone loudspeaker fits within the outer ear
canal. The thresholds are expressed in terms of decibels of SPL, where
zero (0) dB SPL means that the sound pressure level is 20 micropascals
(i.e., the referent sound pressure (p,.¢) is 20 micropascals). Upper limits of
hearing, indicating the maximum SPL that the auditory system can toler-
ate, are also indicated in Figure 2-2. Thus, the dynamic range of hearing
covers approximately 130 dB in the frequency region in which the human
auditory system is most sensitive (between 500 and 4000 Hz). The thresh-
olds for detecting a tonal sound increase as the duration of the sound to
be detected decreases at durations shorter than 500 ms, but remain ap-
proximately constant as the duration increases above 500 ms.

The detection of tones as characterized by the data of Figure 2-2 is the
basis for the primary measure of hearing loss or impairment, the audio-
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FIGURE 2-2 The thresholds (in dB SPL) of detecting tones and for discomfort
and pain are shown as a function of tonal frequency. The MAP thresholds for
Sennheiser and TDH are thresholds for two types of circumaural headphones.

gram. The audiogram is a plot of the thresholds of hearing referenced to
the appropriate MAP or MAF thresholds shown in the figure. Thus, a
person with no hearing loss at all will have a flat audiogram at zero dB
HL (dB HL means decibels of hearing level, in which the reference decibel
values are the appropriate MAP or MAF dB SPL values shown in Figure
2-2). A person with a 40 dB hearing loss would be said to have a threshold
of 40 dB HL. If the tone being detected is 500 Hz, the threshold for detect-
ing the tone in terms of SPL would be 50 dB SPL, since according to
Figure 2-2, the threshold for detecting a 500 Hz tone is 10 dB SPL. Thus,
the 40 dB hearing loss (40 dB HL) plus the 10 dB SPL threshold yields a
threshold of 50 dB SPL.

In many cases, the average threshold (either in dB SPL or dB HL) for
several different frequencies may be obtained to provide an estimate of
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overall auditory sensitivity or overall hearing loss. In this case, the thresh-
old is referred to as a pure-tone average (PTA) threshold, in which the
frequencies used for the threshold averaging are listed in abbreviated
form; for example, a PTA threshold obtained at 500 Hz (.5 kHz), 1000 Hz
(1 kHz), and 2000 Hz (2 kHz) would be listed as PTA 512, or sometimes
PTA (512).

Many of the measurements made in hearing and the equipment used
to make these measurements have been standardized by the American
National Standards Institute (ANSI, see references). ANSI standards rep-
resent documents that have been reviewed by the ANSI process so that
the standards represent a consensus of the best and most accurate data,
method, or equipment needed to address a particular practical problem
or need. Appendix B is a list of the major ANSI standards that are men-
tioned in this report, with descriptions of each standard. For instance,
ANSI 53.6-1996 provides specifications for how audiometers, which are
used by audiologists to measure the audiogram, should be built, as well
as the standard thresholds of hearing used in the calculation of dB HL. A
sample of an audiogram can be seen in Chapter 3.

As the intensity of a tone increases, so does its subjective loudness.
Loudness is a subjective indication of the magnitude of sound. One mea-
sure of loudness level is the phon. A phon is the subjective loudness of a
test sound that is judged equally loud to a standard sound. The standard
sound is a 1000 Hz tonal sound presented at some SPL.

For instance, if a test sound is judged to be equally loud to the 1000
Hz standard sound presented at 40 dB SPL, the test sound is said to have
aloudness of 40 phons. A sound that has a loudness of 40 phons is usually
judged to be very quiet. A standardized method for determining the loud-
ness of complex sounds in phons has also been developed (American
National Standards Institute, 2003). The perceived loudness of sound will
double for about every 10 dB increase in sound level (e.g., a 60 dB SPL
sound may be subjectively twice as loud as a 50 dB SPL sound). People
with a hearing loss experience discomfort at about the same SPL as people
without hearing loss. Because people with hearing loss have elevated
thresholds but have the same upper limit of audibility as people with
normal hearing, the change in loudness grows more rapidly as a function
of increasing sound level above threshold for a person with a hearing loss
than for a person without a hearing loss. This rapid growth of loudness is
referred to as loudness recruitment, and it is experienced by almost all
people with sensorineural hearing loss.

As the frequency of a sound changes, so does its subjective pitch.
Pitch is the subjective attribute of sound that allows one to determine if
the sound is high or low along a single perceptual dimension. The pitch of
a test sound can be determined by the frequency of a tonal sound that is
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judged to be subjectively equal in pitch to the test sound. For instance, a
test sound is said to have a pitch of 400 Hz if it is judged equal in pitch to
a 400 Hz tone. In addition to being measured in hertz, pitch can also be
measured using the 12-note or other musical scale.

While loudness is highly correlated with sound intensity and pitch
with frequency, loudness and pitch are subjective attributes of sound that
may be correlated with each of the physical attributes of sound: level,
frequency, and temporal properties. So for instance, a change in sound
frequency may result not only in a change in pitch, but also in a change in
loudness.

The presence of another sound (masking sound) presented at the
same time as a tone that is to be detected (signal tone) may increase the
threshold of the signal tone above that measured in quiet. In this case, the
signal tone is being masked by the other sound. Most masking occurs (i.e.,
thresholds are increased the most) when the masking sound contains the
same frequency components as the signal tone. For instance, less masking
occurs when a 300 Hz masker masks a 1000 Hz signal than when the
masker and signal are both 1000 Hz. Thus, there is a region of frequencies
near that of the signal frequency (a band of frequencies with the center of
the band being the frequency of the signal) that are critical for masking
the signal, and the width of the critical band increases as the frequency of
the signal increases. For instance, for a 1000 Hz signal, as long as the
masker contains frequencies between approximately 936 and 1069 Hz (a
133-Hz-wide critical band, with 1000 Hz in the geometric center of the
band), the masker will be effective in masking the 1000 Hz signal. Maskers
with frequencies higher than 1069 Hz or lower than 936 Hz will be less
effective in masking the 1000 Hz signal. Thus, a white noise filtered so
that the noise contains frequency components between 936 and 1069 Hz
will be maximally effective in masking a 1000 Hz tonal signal. If the noise
has a bandwidth that is narrower than the critical band, the signal is
easier to detect, but if the bandwidth is wider than the critical band, then
there is no change in signal detection performance.

For listeners with normal hearing, when the power of the noise in the
critical band is equal to the power of the tonal signal, then the signal is
usually at its masked threshold. Over a considerable range of frequency,
level, and duration, and when the signal and masker occur at the same
time, each decibel increase in the level of a masking sound requires ap-
proximately a decibel increase in signal level in order for the signal to
remain just detectable in the presence of the masker. That is, the signal-to-
noise (5/N) ratio required for signal detection remains relatively constant
over a large range of frequency, overall level, and duration.

People with hearing loss often have wider critical bands than people
with normal hearing, which means that the signal can be masked by

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11099.html

ecurity Benefits

52 HEARING LOSS

sounds with frequencies farther from the signal frequency. The wider
critical band obtained for people with hearing loss is usually found for
signals whose frequency content is in the spectral region of their loss. This
means that people with hearing loss often require a more intense sound to
detect a signal masked by other sounds, especially when the signal con-
tains frequencies that the person with a hearing loss has difficulty detect-
ing in quiet.

The description of masking provided above applies to situations in
which the masker and signal are presented at the same time. Masking can
occur when the signal is turned off before the masker is turned on (back-
ward masking) and when the masker is turned off before the signal is
turned on (forward masking). Less masking occurs for forward and back-
ward masking than for simultaneous masking. There is very little if any
masking (i.e., the threshold for detecting a sound is the same as it was in
quiet) if the masker and signal are separated by more than about 250 ms.
Since people with hearing loss often have difficulty sorting out the tem-
poral properties of sound, they can experience elevated forward and back-
ward masked thresholds, compared with those measured for people with
normal hearing.

Thus, a young otologically healthy person in the workplace can detect
a signal sound over the frequency range of 20 to 20000 Hz, but the level of
the signal sound required for detection depends on such variables as the
frequency of the sound, the duration of the sound, and the nature of any
other sound that may be present at or near the same time as the signal
sound that may mask the signal sound. Masking means the detection
threshold of a signal sound has been elevated by the presence of the
masking sound. Loudness and pitch refer to subjective attributes of sound
that are highly correlated with sound level and frequency, respectively.
Sounds that are spectrally similar are more likely to mask each other than
are sounds that are not spectrally similar. Signals are most difficult to
detect when a masker and signal occur at the same time, but masking can
occur when the signals and maskers do not temporally overlap. All of
these measures of auditory perception can be adversely affected if a per-
son has a hearing loss.

Sound Discrimination

Over a range of frequencies (approximately 500 to 4000 Hz) and lev-
els (approximately 35 to 80 dB SPL) in which humans are most sensitive,
listeners can discriminate a change of about one decibel in sound level
and about a half of a percent change in tonal frequency. For instance, a 50
dB SPL sound can be just discriminated from a 51 dB SPL sound, and a
2000 Hz tone can be just discriminated from a 2010 Hz tone. A hearing
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loss can lead to elevated level and frequency difference thresholds, mak-
ing it difficult for the person with a hearing loss to discern the small
differences in level and frequency that often accompany changes in the
speech waveform.

Long-duration sounds require a larger change in duration for dura-
tion discrimination than do shorter duration sounds, although the exact
relationship between duration and duration discrimination depends on
many factors. Listeners can discriminate a sound whose overall level fluc-
tuates (the sound is amplitude modulated) from a sound whose overall
level is steady over time, when the rate of amplitude fluctuation is less
than about 50 cycles per second. A sound that is amplitude modulated
consists of a carrier sound that has its level varied by a different function,
called the modulator. Thus, the level of the carrier sound increases and
decreases over time in a manner determined by the modulator.

All of these measures of sound discrimination do not change appre-
ciably as a function of the presence of masking sounds as long as the
signal sound is readily detectable. Many people with hearing loss, espe-
cially the elderly, have difficulty processing the temporal structure of
sounds. These people usually have high temporal difference thresholds,
and they require slow rates of amplitude fluctuation to discriminate a
fluctuating sound from a steady sound. Thus, people with such losses
may not be able to follow some of the rapid fluctuations in sound inten-
sity that are present in many everyday sounds, such as speech and music.

Thus, in the workplace, very small changes in sound level, frequency,
and duration can be discriminated even when some masking sounds also
exist. As long as the level of a sound does not vary too rapidly, listeners in
the workplace should be able to determine that the sound is fluctuating in
level (in loudness). People with a hearing loss often perform less well in
these auditory discrimination tasks than people with normal hearing.

Sound Identification

Almost all of the research on sound identification has involved speech
sounds. The recognition or intelligibility of speech sounds has been stud-
ied for a wide range of conditions. These conditions include both alter-
ations of the speech sounds (e.g., whether there is a masking sound
present) and aspects of the requirements of the listening task (e.g., the
extent to which memory is required). In many speech recognition tasks,
listeners are asked to identify phonemes (e.g., vowels), words, nonsense
words, or sentences. The recognition task can be open set, in which the
listeners are not aware of the set of speech utterances that will be pre-
sented, or closed set, in which the speech utterances are known (i.e., come
from a list of words or sentences that the listener is aware of). Masking
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sounds are usually white noise, speech spectrum noise, or other speech
sounds.

Speech recognition or identification is usually measured in one of two
ways: the percentage of utterances correctly identified or the level of some
stimulus parameter (e.g., the level of a masking noise) yielding a particu-
lar percentage-correct speech identification value (e.g., 50 percent correct
identification). The speech recognition threshold (SRT) is the level of the
speech signal expressed in dB required for a criterion level of perfor-
mance (e.g., 50 percent correct identification). The term “signal-to-noise
ratio” (S/N ratio) is used for the ratio of the speech signal level to masker
level (S/N ratio is usually expressed in decibels, and as such S/N ratio is
the decibel difference between the level of the speech signal and the
masker), when noise is used to mask the ability of listeners to recognize
speech and when the levels of the speech and masker are expressed in
decibels. In some tasks, another sound (e.g., a brief acoustic click) may be
embedded in the speech sound and the detection of the click is used as a
measure of how salient different parts of the utterance may be (e.g., if the
click is not readily detected, then it may be inferred that the information
temporally surrounding the click was crucial for speech processing).

Intelligibility of speech processed in quiet by listeners with normal
hearing is somewhat resistant to many forms of physical alterations.
Speech can be filtered (allowing only selected frequencies to be presented),
speeded up or slowed down, clipped in amplitude, etc., and still be intel-
ligible in a quiet listening environment. However, speech is susceptible to
masking or interference from other competing sounds, especially other
speech sounds. Several different methods have been proposed to deter-
mine the intelligibility of speech in the presence of competing sounds.
The articulation index (AI, now called speech intelligibility index, SII),
which was devised at Bell Laboratories for developing the telephone sys-
tem in the 1930s and 1940s, is one method that is currently used (see
American National Standards Institute, 2002) to estimate speech intelligi-
bility for situations in which the physical properties (e.g., the spectrum) of
the speech and interfering sounds are known. One rule of thumb for
listeners with normal hearing is that for a broadband masking stimulus
such as a white noise, approximately 50 percent intelligibility occurs when
only the speech and noise information is provided and the overall levels
of the speech words or syllables and noise are about equal (i.e., when the
S/N ratio is zero dB). However, many conditions can alter the relation-
ship between S/N ratio and performance. Listeners with hearing loss
often have much more difficulty in recognizing speech that is altered, and
their S/N ratio is usually greater than zero dB.

Many different speech tasks and speech utterance lists have been
developed to assess the ability of listeners, especially those with hearing
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losses, to process speech. These tests allow one to determine more pre-
cisely how different components of speech (e.g., vowels versus conso-
nants) are processed or the extent to which familiarity with words influ-
ences speech intelligibility. There are many variables that might make it
easy or hard to recognize a speech utterance. Speech tests are usually
designed to determine if only one or maybe a small number of variables
affect the ability of the subject or patient to recognize speech. For instance,
many speech tests are intended to determine how much difficulty a per-
son with a high-frequency hearing loss might have in recognizing speech.
If the speech test consists of words that the patient is not familiar with,
then poor performance on the test might indicate a difficulty with vo-
cabulary rather than a hearing loss. Using test words in a language in
which the patient is not fluent could also confound the assessment of
hearing loss. Thus, many different speech recognition tests have been
developed for the purpose of assessing hearing loss, to help ensure that
the results are valid indicators of the relationship between speech recog-
nition and hearing loss. Additional description of several speech intelligi-
bility tests is provided in Chapters 3 and 7.

Processing speech in the workplace can be compromised when com-
peting sounds are present. Sound reproduction systems do not have to be
high fidelity to provide for acceptable speech intelligibility in the absence
of competing sounds for people with normal hearing, but for people with
hearing loss, such high fidelity may be essential for speech communica-
tion. However, the higher the fidelity of the reproduction system, the
better speech recognition is likely to be when interfering sound sources
are present. Hearing loss can lead to a significant loss of speech recogni-
tion even with high-quality amplification systems.

Sound Localization

Sound itself has no spatial dimensions, but the source of a sound can
be located in three spatial dimensions as a function of the auditory
system’s ability to process the sound emanating from a sound source.
These dimensions are azimuth—the direction from the listener in the
horizontal plane (see Figure 2-3); elevation—the vertical or up-down
dimension; and range—distance or the near-far dimension. A different
set of cues is used by the auditory system to locate sound sources in each
spatial dimension. Sounds from sources located off-center in the azimuth
direction arrive at one ear before they arrive at the other ear, and the
sound at the near ear is more intense than the sound at the far ear. Thus,
interaural differences of time and level are the two cues used for azi-
muthal (directional) sound localization; interaural time is the major cue
for locating low-frequency (below 1500 Hz) sound sources, and interaural

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11099.html

ecurity Benefits

56 HEARING LOSS

0°/360°

270° 90°

180°

FIGURE 2-3 Azimuth: Overhead view of the listener.

level is the main cue at high frequencies. The interaural level difference
results from the fact that the head and body provide an acoustic
“shadow” for the ear farther away from the sound source. This “head
shadow” produces large interaural level differences when the sound is
opposite one ear and is high frequency. Human listeners can discrimi-
nate a change in sound source location of about 1-3° angle.

As sound travels from its source to the outer ears of a listener, it
passes over and around (is diffracted by) many parts of the body, espe-
cially the pinna. These body parts attenuate and slow down the sound
wave in a manner that is specific to the frequency of the sound and to the
relationship between the location of the sound source and the body, espe-
cially the relative vertical location of the source. The head-related transfer
function (HRTF) describes the spectral changes that a sound undergoes
between the sound source and the outer ear canal. High-frequency sounds
are attenuated in a frequency-specific manner that is dependent on the
vertical location of the sound source relative to the body. That is, different
HRTFs are produced for different vertical sound source locations. In par-
ticular, there are spectral regions of low amplitude (spectral notches or
valleys) whose spectral loci are vertical-location-specific. Thus, these spec-
tral notches in the HRTF can be a cue for vertical location. The spectral
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cues associated with the HRTF are probably also used to help discrimi-
nate sounds that come from in front of a listener from those that come
from behind. For instance, a sound coming from directly in front of a
listener will provide the same interaural time and level differences as a
sound coming from directly behind. Spectral cues derived from the HRTF
can assist in reducing front-back localization errors.

Faraway sounds are usually softer than near sounds, and this loud-
ness cue can be used to determine the distance of a sound source, assum-
ing the listener has some knowledge about the nature of the source (i.e.,
some knowledge about how intense the sound is at the source). If there is
any reflective surface (e.g., the ground), then the reflection from a near
sound source is almost as intense as the sound that arrives at the ears
directly from the source, whereas for a faraway sound the reflected to
direct sound level ratio is lower. Thus, the ratio of reflected to direct
sound level can be a cue for sound source distance perception, and dis-
tance perception is poorer in conditions in which there are no reflections.

Locating sound sources can be more difficult for people with hearing
loss. This is especially true for listeners with unilateral hearing loss. If a
single hearing aid or cochlear prosthesis is used, it may provide only
limited assistance for sound localization, since binaural processing is re-
quired to locate sounds in the horizontal plane. However, fitting each ear
with a hearing aid or cochlear prosthesis does not always assist the pa-
tient in sound localization. In most cases, the two aids or prostheses do
not preserve all of the acoustic information required by the auditory sys-
tem to localize a sound source.

In reverberant spaces, such as a room, the sound waveform reflects
off the many surfaces, resulting in a complex pattern of sound arriving at
the ears of a listener. Listeners are usually not confused about the nature
of the actual sound source, including its location, in many reverberant
spaces, presumably because the auditory system processes the first sound
arriving at the ears and inhibits the information from later-arriving re-
flected sounds. Since the sound from the source will arrive at the listener
before that from any longer-path reflection, auditory processing of the
direct sound takes precedence over that of the reflected sound, usually
allowing for accurate sound processing even in fairly reverberant envi-
ronments. Another aspect of sound reflections is that the sound in a re-
flective space remains in the space after the sound production ends, due
to the sound continuing to reflect off the many surfaces. The reverbera-
tion time is the time (measured in seconds) that it takes the level of this
reverberant or reflected sound to decay by a specified number of decibels,
which is usually 60 dB. Rooms that are large and reflective have long
reverberation times. People with hearing losses often perform very poorly
in reverberant spaces, and the poor performance may persist even when
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they use a hearing aid or cochlear prosthesis. That is, people with hearing
loss have difficulty recognizing speech signals when the reverberation
time is long, especially if the acoustic environment is also noisy.

The detection of a signal sound source at one spatial location in the
presence of a masking sound source at another spatial location is im-
proved when the signal and masking sound sources are further apart.
That is, the ability to detect a masked signal can be enhanced if the mask-
ing sound source is spatially separated from the signal sound source. The
improvement in detection threshold as a function of spatial separation is
referred to as the spatial masking-level difference. Thus, a variable that
could affect speech recognition is the spatial separation of the test signal
and other sound sources in the listening environment. Patients fitted with
two hearing aids can sometimes take advantage of detecting sounds based
on their spatial separation, whereas this becomes more difficult if the
patient only uses one hearing aid.

Listening systems that make full use of the spectral information con-
tained in HRTFs of individual listeners can produce sound over head-
phones that provides a percept as if the sound was emanating from an
actual sound source located at some point in space (e.g., in a room). Sys-
tems that use HRTF technology can produce a virtual auditory environ-
ment for headphone-delivered sounds. Such HRTF-based systems can be
used for testing and experimentation, eliminating the need to have spe-
cialized calibrated rooms for presenting sounds from different locations.

Thus, in the workplace, listeners can determine the location of sound
sources located in all three spatial dimensions. The ability to detect a
signal source can be improved if potential masking sound sources are
spatially separated from the signal sound source. Having a hearing loss
can compromise a person’s ability to locate sounds, and hearing aids may
not assist him or her in locating sound sources.

Sound Source Determination

Colin Cherry (1953) pointed out that even at a noisy cocktail party,
the human listener is remarkably good at determining many of the sources
of sounds (different people speaking or singing, clanging glasses, music
from a stereo loudspeaker, a slammed door, etc.), even when most of the
sounds from these sources are occurring at approximately the same time.
Bregman (1990) referred to this cocktail party effect as “auditory scene
analysis.” Since the sounds from many simultaneously presented sound
sources arrive at the ears of a listener as a single sound field, it is the
auditory system that must determine the various sound sources—that is,
determine the auditory scene. Little is known about how the auditory
system accomplishes the task of auditory scene analysis, but several po-
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tential cues and neural processing strategies have been suggested as ways
in which the sources of many sounds can be processed and segregated in
a complex, multisource acoustic environment. People with hearing loss
often remark that they have problems in noisy situations, such as at a
cocktail party, implying that they are not able to determine the auditory
scene as well as people without hearing loss.

Thus, listeners with normal hearing can use many potential cues to
determine many of the sources of sounds in the workplace, even when the
sounds from the sources overlap in time and perhaps in space.

CAUSES OF HEARING LOSS

In general, hearing loss can be caused by heredity (genetics), aging
(presbycusis), loud sound exposure, diseases and infections, trauma (ac-
cidents), or ototoxic drugs (drugs and chemicals that are poisonous to
auditory structures). Hearing loss can categorized into the following
ranges based on PTAs (PTA 512):

slight (16-25 dB hearing loss)

mild (26-40 dB hearing loss)

moderate (41-55 dB hearing loss)
moderately severe (56-70 dB hearing loss)
severe (71-90 dB hearing loss)

profound (greater than 90 dB hearing loss)

The loss can be caused by damage to any part of the auditory path-
way. Three major types of hearing loss have been defined: conductive,
sensorineural, and mixed. Conductive hearing loss refers to damage to
the conductive system of the ear—that is, the ear canal, tympanic mem-
brane (eardrum), and ossicles (middle ear bones)—and can include fluid
filling the middle ear space. Sensorineural hearing loss indicates a prob-
lem in the inner ear, auditory nerve, or higher auditory centers in the
brainstem and temporal lobe. Mixed hearing loss designates that the
hearing loss has both a conductive and sensorineural component. Treat-
ments for hearing loss involve surgery, hearing aids of various types,
cochlear prostheses, medication, and various forms of habilitation and
rehabilitation.

Conductive Hearing Loss

If a problem arises in the external or middle ear, a conductive hearing
loss occurs that is largely due to the outer and middle ear’s no longer
being able to overcome the loss in sound transmission from the outer to
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the inner ear. Many conductive hearing losses, due to such causes as a
perforation in the tympanic membrane, loss of ossicular continuity, or
increased stiffness of the ossicular chain, can be repaired surgically, re-
storing the conductive hearing loss. During an acute ear infection, fluid
can accumulate in the middle ear, resulting in a temporary conductive
hearing loss. If the ear develops chronic otorrhea (drainage of purulent
fluid), an infected skin cyst (cholesteatoma) may be the cause. A conduc-
tive hearing loss without ear pain is the usual course of this disease, but
medical attention must be sought to prevent extensive damage to the
ossicles and inner ear. Such conductive losses can produce up to a 60 dB
hearing loss.

Sensorineural Hearing Loss

Sensorineural hearing loss is caused by problems associated with the
neural transduction of sound. Diseases and disorders that damage the
cochlea and auditory nerve result in a sensorineural hearing loss. In the
past, sensorineural hearing loss was referred to as “nerve deafness”; how-
ever, in most instances of sensorineural hearing loss, the auditory nerve is
intact and an impairment in the hair cells within the inner ear results in
the hearing loss. Loss of hair cells and the neurotrophic factors that they
produce eventually lead to nerve cell loss. Because the hair cells and
auditory nerve complex relay information in a frequency-specific manner
to the brainstem and brain, loss of hair cells in a particular part of the
cochlea will cause hearing loss in a particular frequency region. Hair cell
damage at the base of the cochlea near the stapes causes high-frequency
hearing loss, while hair cell loss away from the base (near the apex) leads
to low-frequency hearing loss. Sensorineural hearing losses due to co-
chlear damage can occur at any frequency and can range from mild to
profound.

Presbycusis and noise exposure are the most common causes of adult
hearing loss. Both result in an initial high-frequency sensorineural deficit,
caused by damage to hair cells at the base of the cochlea. In presbycusis,
other cells in the inner ear are also affected in many cases; these include
the nerve cells that innervate the hair cells and cells in the structure known
as the stria vascularis. In individuals with these conditions, other parts of
the inner ear still function, allowing for the normal perception of low-
frequency sounds. The primary difficulty for such a person lies in an
inability to distinguish high-frequency sounds, such as the consonants of
speech that are crucial for human communication. As the conditions
progress, middle- and low-frequency hearing can also deteriorate. Tradi-
tional acoustic amplification (hearing aids) is often ineffective at making
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speech sounds understandable to individuals with high-frequency hear-
ing loss when the loss becomes severe (Ching, Dillon, and Byrne, 1998;
Hogan and Turner, 1998). In individuals who have profound sensorineu-
ral hearing loss across the frequency range, hearing aids may not be as
effective in improving hearing as a cochlear implant. Infections (viral or
bacterial), disorders such as Meniere's disease and autoimmune inner ear
disease, hereditary disorders, trauma, and ototoxic drugs are other causes
of sensorineural hearing loss.

Acoustic trauma can be a significant problem in the workplace. If the
level of sound is intense, especially if the sound lasts for a long time,
listeners exposed to such intense sounds may experience either a tempo-
rary or a permanent threshold shift—that is, their threshold for detecting
sound is either temporarily or permanently elevated above that measured
in quiet and before the exposure. A temporary threshold shift (TTS) can
recover to normal detection threshold after a few minutes to a few days,
depending on the parameters of the exposing sound and their relation-
ship to those of the sound to be detected. Permanent threshold shifts
(PTS) never recover and therefore indicate a permanent hearing loss that
can range from mild to severe.

There is a trade-off between sound level and duration in terms of
producing TTS and PTS. The greater the level or the longer the duration
of the exposing sound, the greater the threshold shift and the longer it
takes to recover from TTS. Most TTS occurs at frequencies the same or
slightly higher than the frequency of the exposing sound. The Occupa-
tional Safety and Health Administration (OSHA) and the National Insti-
tute of Occupational Safety and Health provide regulations and guidance
(e.g., Occupational Safety and Health Administration, 2002) for occupa-
tional noise exposure to mitigate its effects in the workplace.

Etiology of Severe to Profound Hearing Loss

It is estimated that 1 person in 1,000 has a severe to profound hearing
loss. The number with bilateral (both ears) profound deafness is lower.
Loss of hearing has a significant impact on the development of speech
and spoken language skills, which are dependent on the age of onset of
deafness. Children born with bilateral profound hearing loss or who ac-
quire profound loss before the acquisition of speech and spoken language
(approximately age 2 years) are identified as prelingually deafened. Chil-
dren and adults deafened at any age after developing speech and spoken
language are referred to as postlingually deafened.
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Children

High-risk factors for congenital hearing loss include a family history
of congenital hearing loss or delayed-onset sensory hearing loss of child-
hood, physical findings (birthweight less than 1,500 grams, craniofacial
anomalies, the variable physical signs of Waardenburg’s syndrome), and
maternal prenatal infections (cytomegalovirus, syphilis, rubella, herpes).

Prelingual deafness can also arise from severe vital function depres-
sion at birth when Apgar scores are in the 0 to 3 range at five minutes.
Hyperbilirubinemia severe enough to require exchange transfusion;
treatment of postnatal infection with ototoxic drugs, such as gentamicin,
tobramycin, kanamycin, and streptomycin; systemic infections including
meningitis, congenital syphilis, mumps, and measles all can result in
bilateral profound deafness. Closed head trauma and neurodegenerative
diseases including Tay-Sachs disease, neurofibromatosis, Gaucher’s dis-
ease, Niemann-Pick disease, and myoclonic epilepsy are rare additional
etiologies of deafness that manifest themselves in childhood.

Genetic causes for prelingual and postlingual deafness are thought to
account for 50 percent of the sensorineural hearing loss in childhood. The
remainder are either environmental (about 25 percent) or sporadic idio-
pathic (about 25 percent). Genetic hearing loss can be congenital or
delayed, progressive or stable, unilateral or bilateral, syndromic or non-
syndromic. The majority of genetic hearing losses are thought to be reces-
sive (about 75 percent); 20 percent are attributable to dominant genes and
a small percentage are X-linked disorders. Autosomal dominant disor-
ders include Waardenburg’s syndrome (20 percent associated with hear-
ing loss); Stickler’s syndrome (sensorineural or mixed hearing loss, 15
percent); branchiootorenal syndrome; Treacher Collins syndrome (senso-
rineural or mixed hearing loss); neurofibromatosis II; and dominant pro-
gressive hearing loss. Autosomal recessive disorders associated with sen-
sorineural hearing loss are Pendred’s syndrome, Usher syndrome, and
Jervell and Lange-Nielsen syndrome. Sex-linked syndromes associated
with sensorineural hearing loss are Norie’s syndrome, otopalatodigital
syndrome, Wildervaank’s syndrome, and Alport’s syndrome. Most he-
reditary hearing loss in early childhood is “nonsyndromic,” that is, there
are no other apparent abnormalities. While mutations in any of dozens of
genes can cause hearing loss, a gene that controls the production of a
protein called connexin 26 is responsible for a large proportion of such
cases, with studies on various populations reporting differing prevalences
(Dahl et al., 2001; Erbe, Harris, Runge-Samuelson, Flanary, and Wackym,
2004; Gurtler et al., 2003; Nance, 2003).

Recently a condition termed “auditory neuropathy” (Starr, Picton,
Sininger, Hood, and Berlin, 1996) has been identified in individuals with
severe to profound hearing loss. Patients with this condition typically
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show severely distorted or absent auditory brainstem response (explained
in Chapter 3) with recordings showing prominent cochlear microphonic
(CM) components, and normal otoacoustic emissions. The otoacoustic
emissions and CM findings in patients with auditory neuropathy usually
indicate that the cochlear hair cells, at least the outer hair cells, are func-
tioning normally while the abnormal auditory brainstem response is in-
dicative of disease in the inner hair cells, auditory nerve, or brainstem.
Some theorize that the disorder is a specific neuropathy of the auditory
nerve; thus the name of the disorder (Starr et al., 1996; Starr, Picton, and
Kim, 2001). Starr et al. (2001) have found indirect evidence of peripheral
nerve involvement based on sural nerve biopsy or nerve conduction ve-
locity measures. More recently, they have documented specific neuropa-
thy of the auditory nerve in a patient with well-documented clinical signs
of auditory neuropathy on audiological tests (Starr et al., 2003). Such
histological findings (fair to good hair cell populations along with poor
ganglion cell and nerve fiber survival) have been reported previously
(Hallpike, Harriman, and Wells, 1980; Merchant et al., 2001; Spoendlin,
1974; see Nadol, 2001, for a review of these pathologies in humans). How-
ever, others suggest that there is a “general lack of anatomic foundation
for the label” (Rapin and Gravel, 2003, p. 707) because of difficulty in
documenting specific peripheral neuropathy in patients, especially at the
level of the auditory nerve.

When auditory neuropathy exists, neither the auditory brainstem re-
sponse nor the otoacoustic emissions can be used to determine the degree
of hearing loss. The degree of hearing loss in patients with this condition
can be anywhere from none to profound (Sininger and Oba, 2001). The
hearing loss of patients with auditory neuropathy can fluctuate dramati-
cally and rapidly, sometimes within a single day (Sininger and Oba, 2001).
In rare cases, increases in core temperature from fever can bring on severe
to profound hearing loss that will return to prefever levels as the condi-
tion resolves (Starr et al., 1998). Recent publications report that cochlear
implants have been effective in individuals displaying signs of auditory
neuropathy (Peterson et al., 2003; Shallop, Peterson, Facer, Fabry, and
Driscoll, 2001). This finding could be due to electrical synchronization of
the neural response, or it may suggest that the etiology of profound deaf-
ness could be located in the inner hair cells.

An excellent review of sensorineural hearing loss in children can be
found in a chapter by Brookhouser (1993).

Adults

Although many diseases and disorders can induce hearing loss, rela-
tively few result in profound sensorineural deafness. Infections, immune-
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mediated disorders, trauma, idiopathic and hereditary disorders, and oto-
toxic agents are the most common etiologies of bilateral profound hearing
loss in adults.

The most common infections associated with profound hearing loss
are bacterial and viral meningitis. Neural syphilis can produce progres-
sive bilateral fluctuating hearing loss and spells of vertigo. If not treated
with long-term antibiotics and steroids, profound hearing loss can occur.
Even with treatment, some individuals continue to lose hearing.

Idiopathic disorders of cochlear otosclerosis and Meniere’s disease
can produce profound bilateral hearing loss infrequently. Inmune-mediated
bilateral sensorineural hearing loss has recently been recognized as a cause
of profound deafness. A history of rapid progressive hearing loss in both
ears over weeks to months is the hallmark of this disease (McCabe, 1979).
Fluctuation of hearing and spells of vertigo may occur. Other autoimmune
disorders, such as Cogan’s syndrome, Wegener’s granulomatosis, and
systemic lupus, also can result in profound hearing loss.

Aminoglycoside antibiotics have long been associated with ototoxic-
ity. These drugs concentrate in perilymph and have a longer half-life in
this fluid than in blood. In renal failure their levels are elevated.
Aminoglycosides are directly toxic to outer hair cells, but they can also
affect ganglion cells. Ototoxicity has been observed within the “safe”
limits of nephrotoxicity. The effects can be observed even after discon-
tinuing the drug. The agents associated with the highest degree of toxic-
ity of the inner ear include kanamycin, tobramycin, amikacin, neomycin,
and dihydrostreptimycin. (Some families may have a genetic disposition
to developing deafness with these drugs.) The only treatment is to dis-
continue the drug. Antimetabolites such as Cisplatin and nitrogen mus-
tard are also ototoxic. The risk to hearing is related to the amount of a
given dose rather than cumulative amount.

TINNITUS AND HYPERACUSIS

Ear disorders cause many different symptoms, including hearing
loss, tinnitus, pain, otorrhea (ear drainage), facial nerve paralysis, ver-
tigo, and disequilibrium. Most of these symptoms are only tangentially
relevant to the work of the committee, which is limited to the effects of
hearing loss. In contrast, tinnitus and a related symptom, hyperacusis,
may be considered by some to be “hearing impairments,” although nei-
ther tinnitus nor hyperacusis is mentioned in the current SSA regulations
covering hearing impairment. We therefore offer a brief discussion in
this section, concluding that most people with tinnitus or hyperacusis
are not disabled (as that term is defined by SSA) and that the tests audi-
ologists and otolaryngologists use to detect and measure abnormal func-
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tion of the ear cannot separate people with tinnitus or hyperacusis who
are disabled from those who are not disabled. For these reasons, these
symptoms are not discussed in detail in later chapters, and we make no
recommendations for procedures SSA might use in evaluating claims for
disability based on tinnitus or hyperacusis. More extensive discussions
are available in books edited by Tyler (2000) and Snow (2004), and in an
earlier NRC report (National Research Council, 1982).

Tinnitus

Tinnitus is a sensation that often is associated with suffering, which
may occasionally be severe enough to preclude work. Sensation and suf-
fering are separate aspects of tinnitus and should not be confused.

Tinnitus sensation is the perception of sound when there is no exter-
nal acoustic stimulus, and it can be either objective or subjective. Objec-
tive tinnitus occurs in rare cases when there is an internal acoustic stimu-
lus. For example, turbulent blood flow in an artery close to the ear can
make a pulsing sound that is audible not only to the person whose ear is
affected, but also to a physician applying a stethoscope to the patient’s
head. Subjective tinnitus almost always occurs when there is no acoustic
stimulus at all, and only one person can hear the sound. People with
subjective tinnitus typically describe their sensations as ringing, buzzing,
humming, whistling, or hissing sounds. Most people with tinnitus also
have hearing loss that is measurable by audiometry; however, many
people with hearing loss do not have tinnitus, and no objective audiologi-
cal or medical test has been shown to predict whether a person with
hearing loss will have subjective tinnitus. In other words, the ears of
people with hearing loss and subjective tinnitus are not different, as far as
we know, from the ears of people with hearing loss alone.

When asked to match their tinnitus sensations to tones presented
from an audiometer, most people select tones that are close to the fre-
quencies they have difficulty hearing. The intensity of an external tone
matched in loudness to a person’s tinnitus is usually less than 10 dB
above that person’s threshold for the tone. Although there is no objective
test that can demonstrate whether a person has tinnitus or not, tinnitus
matching results that are repeatable and consistent with the patterns de-
scribed above can sometimes offer evidence that corroborates a person’s
claim to have tinnitus. However, tinnitus matching tests are not well
standardized or widely used. Most importantly, they can at best describe
tinnitus sensation and say nothing about tinnitus suffering.

The distribution of tinnitus suffering can be described as a pyramid.
At its broad base are the majority of people with tinnitus, who find that it
does not interfere significantly with their daily lives and never seek medi-
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cal attention. The next level includes those who visit a physician, but only
to find out whether their tinnitus is a sign of some serious medical prob-
lem. A smaller group of people with tinnitus complain of substantial
difficulty with activities of daily life, especially sleep disturbance, trouble
concentrating, emotional problems (anxiety, depression, etc.), and trouble
understanding speech (Tyler and Baker, 1983). Since most people with
tinnitus also have audiometrically measurable hearing loss, it is difficult
to know whether tinnitus per se interferes with speech understanding. As
stated by Stouffer and Tyler (1990), “it seems likely that patients confuse
the effects of tinnitus on speech understanding with the effects of hearing
loss on speech understanding.” At the narrow top of the pyramid are a
very few persons who are severely disabled; cases of suicide have been
reported, but almost exclusively in people who have many other risk
factors for suicide, such as male sex, advanced age, social isolation, and
especially depression (Lewis, Stephens, and McKenna, 1994).

Tinnitus sensation (as measured in the audiology booth using match-
ing tests) and tinnitus suffering (as assessed by self-report) are
uncorrelated (Baskill and Coles, 1999). Tinnitus sufferers differ from
nonsufferers not in the pitch or loudness of the sounds they hear, but in
the nature of their reaction, coping, and adjustment to tinnitus sensa-
tions. Patients who go to specialized tinnitus treatment clinics are very
frequently found to meet formal psychiatric criteria for diagnosis of ma-
jor depressive disorder, and about half of these have a history of major
depression or anxiety disorder prior to the onset of tinnitus (Sullivan et
al., 1988; Zoger, Svedlund, and Holgers, 2002).

Audiologists and otolaryngologists can provide useful information
regarding the existence, perceptual qualities, and causation of tinnitus,
but a person’s claim to be disabled by tinnitus might best be supported
by psychiatric or psychological evidence, as well as by corroborative
reports of employers, coworkers, family, and others; audiologists and
otolaryngologists cannot provide objective evidence to support or refute
such a claim. We note in passing that the American Medical Association’s
Guides to the Evaluation of Permanent Impairment (American Medical Asso-
ciation, 2001) permit physicians to add up to 5 percent to a person’s
“binaural hearing impairment” score if that person has tinnitus that in-
terferes with activities of daily living. This could increase a person’s
“whole person impairment” by no more than 2 percent, unless that per-
son also had impairments in other domains (such as the “mental and
behavioral” domain).

Most people with tinnitus do not choose to be treated, in large part
because no treatment has been demonstrated to permanently eliminate
tinnitus sensation (Dobie, 1999). Masking therapy (the covering up of
tinnitus with external sound) can temporarily reduce or eliminate tinnitus
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sensation while the masking noise is present. Tinnitus suffering is fre-
quently addressed through psychological counseling and antidepressant
or antianxiety drugs (Snow, 2004).

Hyperacusis

The word “hyperacusis” has sometimes been used to refer to “an
exceptionally acute sense of hearing” (Dorland, 1974), but it is doubtful
that there are actually people who hear so well that their thresholds are
distinctly separate from, and better than, the normal distribution of hear-
ing thresholds in young healthy adults. More commonly, clinicians use
the term to refer to a relatively rare condition of abnormal intolerance of
even moderately loud sounds, such as conversation, traffic, and music
(the terms “hyperacusis” and “phonophobia” are often used interchange-
ably), usually accompanied by avoidance behavior (e.g., wearing ear-
plugs at all times, staying at home, severing social relationships). People
who complain of intolerance to everyday sounds usually have bother-
some tinnitus as well, but they represent less than 1 percent of tinnitus
patients at one national center (Vernon and Meikle, 2000). There is no
widely used criterion for the diagnosis of hyperacusis, although some
clinicians have used “loudness discomfort levels” (LDLs) for this pur-
pose. People with normal hearing, and most people with hearing loss,
report that they can tolerate tones up to 90-105 dB HL in the audiometry
booth, while most patients who complain of severe sound intolerance
have LDLs below 85 dB HL (Hazell, Sheldrake, and Graham, 2002). Most
of these patients have required treatment for psychological problems
prior to the onset of hyperacusis (Hazell and Sheldrake, 1991). Treatment
of hyperacusis has usually consisted of desensitization to gradually
increasing sound levels or treatment of underlying psychiatric disorders.

No objective audiological or medical test can distinguish people who
complain of hyperacusis from other people. It is far from clear that
hyperacusis should even be considered an ear disorder. As in the case of
tinnitus, the best evidence supporting or refuting claims of disability
based on hyperacusis is likely to come from psychiatrists and psycholo-
gists and from lay persons who can corroborate the claimed disability.

SUMMARY

Adults and children depend on hearing for their ability to function in
work, school, and other daily activities, to be able to communicate using
speech, and to better process information about objects in their environ-
ments. Using hearing to function in the world means detecting, discrimi-
nating, localizing, and identifying sound produced by the many sound
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sources that constantly surround one. There are many causes of damage
to the auditory system that result in a hearing loss that reduces one’s
ability to detect, discriminate, localize, or identify sound. These losses can
adversely effect an adult’s ability to work and a child’s ability to process

sound.
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Assessment of the Auditory System and
Its Functions

In this chapter we discuss the methods used to assess the functioning
of the adult claimant’s auditory system and hearing functions. We begin
with an overview of the otolaryngological examination (for adults and
children), describing the features of a “standard” examination based on
best professional practices, and make some recommendations on how
and when the examination should be performed. We then describe audio-
logical tests and review current knowledge of audiological testing for
adults, with special reference to the tests that are now prescribed by the
Social Security Administration (SSA) for use in determining disability
due to auditory impairment and to other tests that might be suitable for
this purpose (testing of children is discussed in Chapter 7). Our conclu-
sions and recommendations for Social Security disability determination
are presented in Chapter 4.

STANDARD OTOLARYNGOLOGICAL EXAMINATION

SSA regulations as presented in the Blue Book (Social Security Ad-
ministration, 2003) require, as part of the disability determination pro-
cess, “medical evidence about the nature and severity of an individual’s
impairments(s)” from either a claimant’s own physician or a consultative
examiner (CE). Medical reports from either the treating physician or the
CE should include (Social Security Administration, 2003, p. 11):

® Medical history;

69
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¢ (Clinical findings (such as the results of physical or mental status
examinations);

e Laboratory findings (such as blood pressure, x-rays);

* Diagnosis;

* Treatment prescribed with response and prognosis;

* A statement providing an opinion about what the claimant can still
do despite his or her impairment(s), based on the medical source’s find-
ings on the above factors. This statement should describe, but is not lim-
ited to, the individual’s ability to perform work-related activities such as
.. . hearing. . . . For a child, the statement should describe his or her
functional limitations in learning, . . . communicating.

SSA regulations also require that hearing tests “should be preceded
by an otolaryngologic examination.” In contrast, the committee recom-
mends that the otolaryngological examination should follow the audio-
logical examination (but by no more than 6 months), because a physician
cannot provide a competent report, including the six elements listed
above, without recent audiometric data. The appropriate source for the
otolaryngological examination is an otolaryngologist certified by the
American Board of Otolaryngology. Otolaryngologists specialize in dis-
orders of the ear, nose, throat, and related structures of the head and neck
and have completed at least five years of residency training following
receipt of the M.D. or D.O. (doctor of osteopathy) degree.

Medical History

The elements of the medical history in an examination performed to
provide medical evidence for SSA program eligibility are identical to those
included in a routine medical examination. There are, however, some
areas of emphasis worthy of mention.

Chief Complaint and Present Illness: The claimant’s chief otological
complaint may not be hearing loss; it may be tinnitus, vertigo, otalgia, or
otorrhea. For each significant otological symptom, but especially for hear-
ing loss, the physician should inquire about:

* The nature of the symptom—Are hearing difficulties noticed in
one ear or both? For what types of sounds?

® Severity

® Chronology—Onset? Change over time? Fluctuation?

* Exacerbating and/or ameliorating factors, such as background
noise

e Effects on activities of daily living—ordinary conversation, tele-
phone use, work.
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Review of Systems: Review of organ systems will occasionally re-
veal problems in other systems that are relevant to otological diagnosis
(e.g., eye symptoms in Cogan’s syndrome). Review of systems is more
likely to be helpful in cases of hearing loss with onset in childhood or in
cases demonstrating rapid progression or fluctuation of hearing loss.

Past Medical History: A history of mumps or measles (or of mater-
nal rubella or cytomegalovirus) can be relevant if hearing loss began in
childhood. Head injury often causes hearing loss. Most ototoxic drugs
are given in the context of hospitalization for severe infections
(aminoglycosides) or cancer (cisplatin and carboplatin). A history of pre-
vious otological treatment, especially ear surgery, is always relevant.

Social History: A discussion of family and marital status includes
communication difficulties with the claimant’s spouse or partner, rela-
tives, and other persons. The claimant’s educational and occupational
history will assist in understanding both the difficulties experienced in
the workplace and the knowledge, skills, and abilities that might be use-
ful in other jobs. Previous hazardous noise exposure may be uncovered in
a discussion of both work history (including military service) and recre-
ational activities (e.g., shooting, woodworking). If there has been signifi-
cant noise exposure in the past 72 hours, audiometry should be deferred.

Family History: Hearing loss or deafness prior to age 60 or ear sur-
gery in a close relative may suggest a hereditary disorder.

Clinical Findings (Physical Examination)

Informal Observation of Communication: The otolaryngologist can
usually directly observe the claimant’s ability to hear and understand in a
communication environment similar to some workplaces: one-to-one con-
versation in a relatively quiet room. It is neither necessary nor desirable to
do this separately from the process of obtaining a history and performing
a physical examination. Instead, the claimant’s ability to hear and under-
stand can be assessed based on informal conversation during history tak-
ing, ear examination, etc. If the claimant has either hearing aids or a
cochlear implant, these should be used during as much of the interview
and examination as possible. During this process, the examiner can note
whether the claimant does poorly under certain conditions (e.g., inability
to see the examiner’s face, increased distance from the examiner, presence
of background noise, removal of hearing aids) and whether the claimant’s
behavior is consistent. Any obvious language or cognitive problems
should be noted.

Otoscopy: Observation and palpation of the auricle, followed by
pneumatic otoscopy, will usually suffice to detect outer ear and middle
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ear abnormalities that may contribute to diagnosis. When conductive or
mixed hearing loss is present, the ears should usually be examined by
otomicroscopy.

Tuning Fork Tests (optional): Audiometric tests usually provide un-
ambiguous evidence of the type of hearing loss (conductive, sensorineu-
ral, or mixed). Nevertheless, tuning fork tests (most often, Weber and
Rinne tests using the 512 Hz fork) can sometimes provide a useful cross-
check on the validity of the audiometric data. This is especially true if
insert earphones are not used, because collapsing ear canals can cause
apparent (but spurious) conductive hearing loss, which will be absent on
tuning fork testing.

Head and Neck Examination: In the presence of chronic otitis me-
dia, examination of the neck, nasal cavities, and pharynx may disclose
relevant findings. In congenital hearing loss, examination of the face, neck,
oral cavity, and eyes may contribute to the identification of a hereditary
or acquired syndrome. With these exceptions, head and neck examination
is rarely helpful.

Cranial Nerves (optional): The functions of the third through twelfth
cranial nerves are usually tested as part of a complete otological examina-
tion, especially if there is asymmetrical hearing loss.

Balance and Cerebellar Tests (optional): When the claimant’s com-
plaints include vertigo, unsteadiness, or lightheadedness, the otological
examination usually includes observation of the claimant’s gait; standing
balance will be addressed with eyes open and closed. Tests of fine motor
coordination and ability to determine the spatial position of body parts
without vision are often used to assess cerebellar function.

Laboratory Findings

In most cases, the only relevant “laboratory findings” are the results
of the audiological examination. In some cases of asymmetrical hearing
loss, imaging tests are necessary before a firm diagnosis can be made. In
rare cases of rapidly progressive or fluctuating hearing loss, blood tests
for infection, immunological disorders, or other systemic disorders can be
helpful. Tests of vestibular function may assist diagnosis when there are
symptoms of dizziness or unsteadiness. For stable or slowly progressive
symmetrical hearing loss without vestibular symptoms, laboratory tests
(other than audiometry) are rarely useful in diagnosis or prognosis.

Diagnosis

The nature of the hearing loss (sensorineural, conductive, or mixed) is
usually apparent from the audiometric data. The cause(s) are not always
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certain, but the physician should state an opinion about causation to a
“reasonable medical certainty.” In other words, the physician should iden-
tify a cause only if it is more likely than not that it contributed to the
patient’s hearing loss.

Treatment Prescribed with Response and Prognosis

In many cases (especially when the hearing loss is conductive or
mixed), medical or surgical treatment is advised. For most people apply-
ing for Social Security Disability Insurance or Supplemental Security In-
come because of hearing loss, medical treatment is no longer an issue.
Hearing aids or cochlear implants may be advised. Prognosis (including
expected response to recommended medical, surgical, or prosthetic inter-
vention) is essential, because of the SSA standard of an “impairment
which can be expected to last for a continuous period of at least twelve
months.” Hearing impairment that has not been present and stable for at
least 6 months will rarely meet this standard.

What the Claimant Can Still Do

Information collected during the history-taking and physical exami-
nation is combined with audiometric data and information obtained from
previous medical and audiometric records to support an opinion regard-
ing the claimant’s ability to hear and understand in a variety of communi-
cation settings.

Children

The history and physical examination described above is typical not
only for adults, but also for children of school age. Some parts of the
physical examination (e.g., tuning fork tests and assessment of ability to
communicate) will not be feasible in very young children, who may re-
quire additional evaluations before a determination of causation and
prognosis can be made. These additional evaluations may include: medi-
cal genetics, ophthalmology, pediatric neurology, and speech-language
pathology.

ASSESSMENT OF AUDITORY FUNCTION

The basic audiometric test battery recommended by the committee
includes assessment of pure-tone thresholds by air conduction and bone
conduction, speech recognition thresholds, suprathreshold speech rec-
ognition in quiet and noise, and acoustic immittance measures. This pro-
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tocol will enable the determination of the degree of hearing loss, the site
of lesion in the auditory periphery, and the capacity of the individual to
understand speech in typical listening environments. Many of the stimuli
and procedures for conducting the routine assessment have been stan-
dardized for English-speaking adults. Modifications to this test battery
are necessary for assessment of children and non-English speakers. Ad-
ditional electrophysiological measures of auditory function include
otoacoustic emissions (OAEs) and auditory evoked potentials (AEPs),
which may be performed in place of, or in addition to, the routine audio-
metric measures. These tests are particularly useful for assessment of
infants and young children, as well as individuals who are difficult to
test. To ensure accuracy of test results, the test environment must be
controlled and the test equipment must be calibrated as described in
Chapter 4.

Pure-Tone Threshold Audiometry

Hearing sensitivity is measured separately in each ear for pure-tone
signals, which are single-frequency tones generated electronically and
transduced through an earphone or bone conduction vibrator. The “gold
standard” of hearing sensitivity is the pure-tone audiogram, shown in
Figure 3-1. The audiogram displays a listener’s detection thresholds (in
dB hearing level [ANSI 53.6-1996] (American National Standards Institute,
1996) for pure-tone signals at octave frequency intervals within the range
of 250-8000 Hz, in both ears. This frequency range encompasses the spec-
trum of speech sounds. Consequently, an average of pure-tone detection
thresholds corresponds with the average threshold for speech (Fletcher,
1950). Hearing thresholds may also be assessed at selected interoctave
frequencies (e.g., 3000 and 6000 Hz), particularly in cases of suspected
noise-induced hearing loss.

The standard method for measuring the pure-tone detection thresh-
old is the modified Hughson-Westlake technique (American National
Standards Institute, 1997; American Speech-Language-Hearing Associa-
tion, 1978; Carhart and Jerger, 1959). This is a single-stimulus technique
that combines ascending and descending methods of limits. Stimulus
duration is 1-2 seconds, and the signal may be steady-state or pulsed
(Mineau and Schlauch, 1997). The operational definition of threshold is
the lowest level at which a listener detects a signal for 50 percent of the
ascending runs. Pure-tone thresholds are assessed in the air conduction
mode (250-8000 Hz) and the bone conduction mode (250-4000 Hz). The
preferred earphones for air conduction threshold assessment are insert
earphones to prevent ear canal collapse and ostensible high-frequency
conductive hearing loss that may occur with supra-aural earphones
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FIGURE 3-1 Graphic representation of a pure-tone audiogram.

(Clemis, Ballad, and Killion, 1986). However, supra-aural earphones are
acceptable for routine clinical use.

Measurement of pure-tone detection thresholds is essential for deter-
mination of the degree of hearing loss, and it forms the basis of disability
determination for SSA. A classification scheme for degree of hearing loss,
shown in Table 3-1, is based on the mean air conduction pure-tone thresh-
olds at 500, 1000, and 2000 Hz (PTA 512) (Clarke, 1981; Goodman, 1965).
(PTA 512 is the pure-tone average implied in the text of this report that
deals with adult hearing, unless a different frequency set is specified.)
This classification scheme is appropriate if the thresholds do not vary
dramatically across audiometric frequency. In the event of widely vary-
ing thresholds, the degree of hearing loss should be described separately
for frequencies with minimum hearing loss and maximum hearing loss.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11099.html

ecurity Benefits

76 HEARING LOSS

TABLE 3-1 Categories of Degrees of Hearing Loss, Based on Air
Conduction Pure-Tone Average at 500, 1000, and 2000 Hz

Degree of Hearing Loss Category Pure-Tone Average Range
Normal hearing sensitivity -10 dB HL to 15 dB HL
Slight hearing loss 16 dB HL to 25 dB HL

Mild hearing loss 26 dB HL to 40 dB HL
Moderate hearing loss 41 dB HL to 55 dB HL
Moderately severe hearing loss 56 dB HL to 70 dB HL

Severe hearing loss 71 dB HL to 90 dB HL
Profound hearing loss 91 dB HL to equipment limits

SOURCE: Clarke (1981).

In particular, hearing loss in adults is often more severe in the higher
frequencies than in the lower frequencies.

This severity scale classification scheme attempts to describe the aver-
age communicative effect of a hearing loss without the use of a hearing
aid. Individuals with normal hearing experience no significant difficulty
hearing faint speech or speech in moderate noise levels. The category
included in Table 3-1 of “slight” hearing loss has been applied tradition-
ally to children, who experience detrimental effects of this degree of
hearing loss for developing normal speech and language. Recent reports
suggest the slight hearing loss category is appropriate for adults as well,
because many adults with PTAs in this range complain of difficulty hearing
faint speech in noise and may seek amplification (Martin and Champlin,
2000).

Those with mild hearing losses experience difficulty hearing faint
speech or speech from a distance, even in quiet. Moderate hearing loss is
associated with frequent difficulty with normal speech (Bess and Humes,
2003); conversational speech may be heard only at close range. Individu-
als with a moderate-to-severe hearing loss may detect the presence of
conversational speech, but are often unable to understand conversational
speech without amplification, due to insufficient audibility. In addition,
most energy in speech is concentrated in the lower frequencies and then
decreases in the higher frequencies, coinciding with the frequency region
corresponding to the most hearing loss in adults. Thus, higher frequency
speech information will often be inaudible for individuals with an aver-
age hearing loss in the moderate range or even the mild range. Because
most consonant phonemes in speech are composed of weak, high-
frequency energy, individuals with such high-frequency hearing losses
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may have considerable difficulty understanding speech accurately
although they are able to detect the presence of speech.

In addition to the loss of audibility, hearing impairment in the mild to
moderately severe range is often accompanied by distortion of the acous-
tic signal. The detailed spectral, temporal, and intensive characteristics of
the speech signal are processed differently in the impaired auditory sys-
tem from in the normal auditory system. This is thought to result in
considerable difficulty understanding a spoken message, particularly in
challenging listening environments that include noise and reverberation
(Plomp, 1986; Plomp and Duquesnoy, 1980).

Individuals with a severe hearing loss (71-90 dB HL PTA in the better
ear) who do not use a hearing aid cannot detect the presence of conversa-
tional speech and may hear only shouted speech. These individuals may
derive limited benefit from a hearing aid, depending on their previous
experience with amplification.

A profound hearing loss typically is associated with extremely lim-
ited capacity to receive speech in the auditory mode. Individuals with a
profound hearing loss may hear very loud or amplified sounds, but they
often cannot benefit from a hearing aid for understanding speech. Hear-
ing is not the primary communication channel for people with a profound
hearing loss who do not use hearing aids or cochlear implants. Because of
their limited ability to receive spoken language in the auditory-only mode,
people with severe or profound hearing losses are candidates for admis-
sion to schools for the deaf, where numerous accommodations and other
special services are available. For example, the application information
for the National Technical Institute for the Deaf specifically states that the
only audiological criterion for admission is a PTA score of 70 dB HL or
greater in the better ear.

Speech Audiometry

Speech audiometry encompasses a range of measures that include
assessment of speech thresholds, suprathreshold speech recognition in
quiet, and suprathreshold speech recognition in noise. Although
suprathreshold speech recognition measures are usually obtained for an
auditory-only presentation mode (unisensory), they may also be obtained
for an auditory + visual presentation mode (bisensory). Stimuli may be
recorded or live, but only recorded stimuli can undergo standardization
procedures. Recorded speech stimuli are routed through a speech audi-
ometer to ensure accurate signal presentation levels. Standards governing
the calibration of the speech signal through the speech audiometer
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(American National Standards Institute, 1996) provide the RETSPL for
speech signals.!

Speech Thresholds

The pure-tone examination assesses an individual’s detection thresh-
olds for tones that encompass the range of speech sounds, from 250 to
8000 Hz. Validity of these pure-tone thresholds can be established by
verifying that these thresholds actually reflect the ability to detect speech.
To that end, a threshold level for speech is obtained to assess the validity
of the pure-tone audiogram. Two types of speech thresholds may be mea-
sured: the speech detection threshold (SDT) and the speech recognition
threshold (SRT). The SDT is the lowest intensity level for 50 percent
detection of the speech signal. The SDT normally is obtained at a level
that is 8-9 dB lower than the speech recognition threshold. The SRT is the
minimum hearing level of a speech signal at which a listener correctly
repeats 50 percent of the spoken message.

Usually the speech signals are spondee words,? but they may be
sentences. The SRT obtained with spondees corresponds with the three-
frequency PTA (500, 1000, 2000 Hz) in individuals with normal hearing
or reasonably flat audiograms, and with a two-frequency PTA (an aver-
age of the best two thresholds obtained between 500 and 2000 Hz) in
individuals with sloping or rising audiometric configurations (Carhart,
1971; Fletcher, 1950), if the speech signal is calibrated according to the
RETSPLs for speech (American National Standards Institute, 1996). The
SRT is also useful for predicting the audibility of conversational speech

1At present, recommended procedures for recordings of speech materials are available in
an appendix to the ANSI S3.6 standard. These recommended procedures specify that re-
cordings shall provide a 1000 Hz calibration tone or a weighted random noise at the begin-
ning of the recording, at the same level as the speech materials on the recording. In addi-
tion, the international standard, IEC 60645, indicates that speech level should be expressed
as the equivalent continuous sound pressure level determined by integration over the dura-
tion of the speech signals with frequency weighting C. This indicates that specified levels of
the speech stimulus are based on average levels. Some recorded speech recognition materi-
als do not conform to these standard recording and calibration procedures. For example,
the Veterans Administration recordings of speech materials use a calibration tone that re-
flects the peaks of the carrier phrase for each test on the recording. Normative data ob-
tained with each speech test are therefore appropriate as a reference only if the test is
presented using identical procedures for calibration and test level. In order to present a
standardized test, the tester should be well informed about the correct calibration proce-
dures and presentation levels for particular speech materials.

2Spondee words are two-syllable words with equal emphasis on both syllables, for ex-
ample, “milkman” and “sidewalk.”
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and the need for amplification (Hodgson and Skinner, 1981). Standard
audiometric practice includes measurement of the SRT; the SDT is re-
served for cases in which an SRT cannot be measured.

Several standard methods for measurement of SRT produce reliable
threshold estimates with recorded speech materials. The method recom-
mended by the American Speech-Language-Hearing Association (ASHA)
is a descending technique in which the number of spondee words pre-
sented at each step is equivalent to the step size, for either 2-dB or 5-dB
step sizes (American Speech-Language-Hearing Association, 1988;
Tillman and Olsen, 1973). This technique is both reliable and valid (Beattie,
Forrester, and Ruby, 1977; Wall, Davis, and Myers, 1984; Wilson, Morgan,
and Dirks, 1973).

Measurement of speech recognition thresholds is useful for corrobo-
rating the validity of the pure-tone thresholds and is routinely conducted
by most audiologists (Martin, Champlin, and Chambers, 1998). In addi-
tion, an estimate of the audibility of conversational speech without am-
plification can be made directly from the SRT. For example, a score in the
better ear that approximates the level of average conversational speech
(45-50 dB HL) indicates that everyday speech is minimally audible to the
listener, and a score that exceeds 50 dB HL indicates that virtually all
unamplified speech signals are inaudible to the listener unless the talker
speaks loudly or approaches the listener more closely than the typical 1.0
meter distance of casual conversation. This information is useful for de-
termining hearing aid needs and may be used to substantiate a claim for
functional hearing impairment disability. Current SSA guidance pre-
scribes testing of SRT (Social Security Administration, 2003, p. 24).

Suprathreshold Speech Recognition

Suprathreshold measures expressed as percentage-correct speech rec-
ognition scores indicate the clarity with which an individual receives and
understands a spoken message. Although speech recognition scores are
correlated with pure-tone thresholds, the correlation is typically not high
enough to accurately predict one from the other for an individual, so
speech recognition must be measured directly.

Most speech recognition tests are presented at levels well above the
listener’s detection threshold to estimate maximum potential perfor-
mance. These measures are used for multiple purposes: diagnosing the
auditory site of a lesion, assessing potential benefit with amplification,
assessing candidacy for a cochlear implant, and assessing everyday
speech understanding.

SSA requires testing of “speech discrimination in quiet at a test pre-
sentation level sufficient to ascertain maximum discrimination ability”
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(Social Security Administration, 2003, p. 24). The committee notes, how-
ever, that it is difficult to determine if maximum discrimination ability is
assessed unless a complete performance-intensity function is obtained.
Moreover, performance at the presentation levels needed to measure
maximum performance does not necessarily reflect recognition of speech
at typical conversational levels. Listener performance on speech recogni-
tion tests generally is not correlated with performance on self-assessment
measures of hearing disability. The reason for this lack of agreement may
be related to the wider range of listening conditions sampled on self-
assessment tools than in the clinical setting, the influence of emotional
reactions and personality variables on individual responses to the ques-
tionnaires, or the high presentation level of traditional speech tests that
does not simulate everyday listening levels.

Assessment of suprathreshold speech recognition performance is rel-
evant for SSA disability determination as an indicator of everyday speech
understanding or as a potential indicator of speech understanding ability
in specific listening conditions. While few studies have demonstrated the
correlation between performance on specific speech recognition tests and
performance on hearing-critical tasks in the workplace, theoretically there
is face validity in utilizing speech recognition tests to predict communica-
tion skills on particular everyday tasks.

For example, a speech recognition test presented in quiet with few
contextual cues and no visual cues is expected to predict speech under-
standing over the telephone. Performance on a speech recognition test
presented in moderate noise levels probably correlates with on-the job
communication in a typical noisy environment, such as a busy office. The
closer the correspondence between the test method (stimulus materials,
response mode, signal level, and presence of background noise) and ev-
eryday listening situations, the better the predictive value of the clinical
test for actual communication performance in the employment setting
ought to be.

Open-Set Tests

Monosyllabic Words. A variety of speech materials have been developed
and evaluated for assessment of suprathreshold speech recognition.
Monosyllabic word tests with free recall (referred to as open-set®) chal-

3A speech recognition test is considered to be “open-set” if the listener is required to give
a free recall response without any specific response set. A speech test is “closed set” or
“closed message” if the listener must choose from a limited set of known response alterna-
tives.
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lenge a listener’s ability to recognize discrete phonemes while deriving
meaning from the stimulus. They are presented routinely in quiet by the
vast majority of audiologists (Martin et al., 1998). Each standardized test
involves presenting full lists of the recorded materials (usually 50 words)
at the presentation level used in the standardization procedure. Perfor-
mance is quantified by a percentage-correct score.

Examples of open-set monosyllabic word lists that have been stan-
dardized on a normal-hearing sample include Central Institute for the
Deaf Test W-22 (CID W-22) (Hirsh et al., 1952), Northwestern University
Auditory Test No. 6 original recordings (NU6) (Tillman and Carhart,
1966), and NU6 Veterans Administration (VA) compact disc recordings
(Wilson, Zizz, Shanks, and Causey, 1990). The NU6 test has also been
standardized with a sample of listeners with hearing loss (Tillman and
Carhart, 1966). The standardization reports of these tests indicate the
psychometric functions (performance versus intensity) and the interlist
equivalence of the recorded tests. In addition, the variability of percentage-
correct scores on open-set speech recognition tests is determined by the
number of stimulus items in the test and the test score, as described by
the binomial probability theorem (Thornton and Raffin, 1978). The appli-
cation of this statistical principle indicates that the standard deviation of
a test score is inversely proportional to the square root of the number of
test items and is larger as the test score approaches 50 percent correct.
Hence, one method to reduce variability in speech recognition testing is
by presenting a larger number of items in the test.

We note several limitations of open-set monosyllabic word testing in
quiet, as the single metric of speech understanding performance, for pur-
poses of SSA disability determination. First, the monosyllabic word
stimuli do not represent speech used in everyday communication because
they do not contain contextual cues. Second, most recorded and standard-
ized monosyllabic speech recognition tests contain only three or four
equivalent lists; this number may not be sufficient for a full evaluation.
Third, presentation of the stimuli in quiet does not represent the environ-
ment in some workplaces, which may be degraded by a background of
steady-state noise or the speech of coworkers.

Two paradigms have been used to assess monosyllabic word recogni-
tion performance in noise. The first is presentation of the stimuli in a fixed
noise level, using either broadband noise or a competing message (Wilson
et al., 1990) and determining the percentage-correct score at several fixed
stimulus levels. For listeners with normal hearing, the psychometric func-
tions so determined are shifted toward higher signal levels in both broad-
band noise and competing message conditions relative to the functions in
quiet. The signal-to-noise (S/N) ratio at which listeners achieve a 50 per-
cent correct score can be derived from these psychometric functions. For
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example, Wilson et al. (1990) assessed performance with fixed noise levels
of 60 dB SPL and varied speech levels in 4-dB steps between 52 and 88 dB
SPL for the broadband noise condition, and between 40 and 76 dB SPL for
the competing message condition. For listeners with normal hearing, 50
percent correct scores were obtained in broadband noise at a S/N ratio of
+11 dB and in competing-message noise at a S/N ratio of -4dB with the
VA recording of NU6 (Wilson et al., 1990).

The second paradigm adaptively varies the level of a background
competition following each response, to measure the S/N ratio at which a
listener achieves a criterion level of performance (Dirks, Morgan, and
Dubno, 1982). The procedure is repeated at four signal presentation levels
that span the range of average-to-loud conversational speech and ampli-
fied speech (60-96 dB SPL). Performance data indicate that most listeners
with hearing loss require more favorable S/N ratios than those required
by listeners with normal hearing to achieve 50 percent recognition perfor-
mance, although this varies somewhat with signal presentation level. In
both procedures, the normative performance data are specific to the re-
corded stimuli, noise, presentation levels, and calibration procedures re-
ported.

One emerging issue in assessing monosyllabic word recognition is
the role of cognitive and linguistic capabilities that influence activation
and selection of a target word from long-term memory. The neighbor-
hood activation model of lexical processing suggests that words are rec-
ognized in relation to other phonemically similar words (Luce and Pisoni,
1998). Three factors in particular appear to affect speech recognition per-
formance: the number of phonemically similar words for a target word
(“neighborhood density”), the average frequency of occurrence of words
that are phonemically similar (“neighborhood frequency”), and the fre-
quency of occurrence of a particular word in the language (“word fre-
quency”). Studies indicate that these structural factors between words
influence monosyllabic word recognition performance of listeners with
normal hearing and with hearing loss when the words are presented in
both quiet and noise (Dirks, Takayanagi, Moshfegh, Noffsinger, and
Fausti, 2001). A test based on these principles, the Lexical Neighborhood
Test (LNT) (Kirk, Pisoni, and Osberger, 1995), has been developed for
assessment of children, but no comparable test is available for evaluation
of adults.

Sentence Tests. Speech recognition tests that incorporate the use of every-
day sentences are desirable for estimating the level of performance in
daily communication situations. However, everyday sentences inherently
contain contextual cues for identification of individual words. Thus, a
concern with the use of these materials is the extent to which syntactic,

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11099.html

ecurity Benefits

ASSESSMENT OF THE AUDITORY SYSTEM AND ITS FUNCTIONS 83

semantic, and lexical contextual cues (see Appendix A for definitions)
influence overall performance, and the interaction of these factors with a
listener’s knowledge of the language. Such an interaction might mean, for
example, that standardization on subjects who are native speakers of the
test language would yield norms that are inappropriate for nonnative
speakers. A second issue is the method of scoring sentence recognition
performance, although most contemporary sentence tests assess accuracy
based on recognition of keywords. A third issue is whether the test has
been standardized in quiet, noise, or both environmental conditions. For
SSA disability determination, a sentence test standardized in both quiet
and noise would be particularly valuable in estimating functional hearing
ability for many job-related tasks.

Sentence recognition tests that have been developed for presentation
in quiet include the CID everyday sentences (Silverman and Hirsh, 1955)
and the City University of New York (CUNY) Sentences (Boothroyd,
Hanin, and Hnath, 1985). Recorded versions of both of these materials are
available. The CID everyday sentences contain 10 lists of sentences with
50 keywords per list. Individuals with mild or moderate hearing losses
obtain excellent scores on this test; as a consequence, these materials are
used most often in assessment of listeners with profound hearing loss
(Owens, Kessler, Raggio, and Schubert, 1985; Tyler et al., 1985). The CUNY
Sentences (Boothroyd, Hanin, and Hnath, 1985a) are a popular corpus of
everyday sentences that are used for assessment of individuals with pro-
found hearing loss. Data reporting listeners” psychometric performance
and test-retest reliability on these two tests are not available.

Several sentence recognition tests in noise have been developed. The
Speech Perception in Noise (SPIN) test (Kalikow, Stevens, and Elliott,
1977) assesses a listener’s recognition of keywords embedded in sentences
with controlled word predictability: half of the sentences on each list
include semantic contextual cues (high-probability sentences) and the
other half are semantically neutral (low-probability sentences). The iden-
tical keywords are used in high-probability and low-probability sentences
appearing in different lists. The revised version of this test (R-SPIN)
(Bilger, Nuetzel, Rabinowitz, and Rzeczkowski, 1984) has been standard-
ized with a background of multitalker babble at a signal to babble (S/B)
ratio* of +8 dB. Calibration tones are equivalent in root-mean-square (rms)
level to the average levels of the sentences and the babble. The eight
sentence lists are equivalent, and test-retest reliability is high among lis-

4When the background noise is speech babble, the term S/B or signal-to-babble ratio
may be used with the same meaning as S/N or signal-to-noise ratio.
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teners with hearing loss (Bilger et al., 1984). Scores on the low-probability
items reflect a listener’s ability to recognize the acoustic and phonetic
characteristics of the speech signal; scores on the high-probability items
indicate the extent to which a listener can utilize semantic contextual cues
in addition to acoustic or phonetic information.

The Connected Speech Test (CST) (Cox, Alexander, and Gilmore, 1987;
Cox, Alexander, Gilmore, and Pusakulich, 1988) presents pairs of equiva-
lent passages containing keywords used for scoring. A competing speech
babble is presented during the test at two S/B ratios. Percentage-correct
scores are derived for each passage and are transformed to rational arc-
sine units (rau) (Studebaker, 1985). Assessment of listeners with normal
hearing and with hearing loss on this test demonstrates that it has high
content validity, good sensitivity, and a large number of equivalent forms.

An abbreviated test of speech in noise (SIN test) (Etymotic Research,
1993) presents high- and low-level sentences to listeners at four S/B ratios.
A percentage-correct score is calculated from the 25 keywords appearing
in the five sentences for each condition. In addition, the S/B ratio corre-
sponding to a 50 percent correct score can be derived. The original SIN
test did not contain equivalent lists, and its level of difficulty was inad-
equate for listeners with normal hearing and hearing loss (Bentler, 2000).
Revisions to the SIN test (R-SIN) (Cox, Gray, and Alexander, 2001) have
improved the equivalence of the different lists and the sensitivity of the
test for identifying changes in performance, but it requires a longer ad-
ministration time.

The QuickSIN test was developed recently by Etymotic Research, Inc.
(Etymotic Research, 2001) to assess the S/N ratio loss in a one-minute test.
The test consists of one list of six sentences with five keywords per sen-
tence and a background noise of four-talker babble. The test is presented
at six prerecorded S/N ratios (25, 20, 15, 10, 5, and 0). Raw test results are
reported as the S/N ratio at which the listener achieves a 50 percent
correct score (the SNR-50), which is then compared to the normal SNR-50
to derive the S/N ratio loss. This loss reflects the increase in S/N ratio
required by the listener with hearing loss to achieve a 50 percent correct
score, relative to listeners with normal hearing. S/N ratio loss scores are
categorized according to degree of severity: normal to near-normal (S/N
ratio loss = 0-2 dB); mild (S/N ratio loss = 2-7 dB); moderate (S/N ratio
loss = 7-15 dB); and severe (S/N ratio loss > 15 dB). The QuickSIN test is
used primarily as an aid to selecting appropriate amplification and as a
guide to counseling individuals regarding the potential benefit of differ-
ent amplification options. The validity and reliability of the QuickSIN test
for listeners with normal hearing or with hearing loss have not been
reported in the literature.

The Hearing in Noise Test (HINT) (Nilsson, Soli, and Sullivan, 1994)

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11099.html

ecurity Benefits

ASSESSMENT OF THE AUDITORY SYSTEM AND ITS FUNCTIONS 85

assesses a listener’s recognition of everyday sentences in quiet and noise.
The standardized HINT employs an adaptive technique for adjusting
stimulus level based on the accuracy of the listener’s recall of short, indi-
vidual sentences, to measure the sentence SRT. Reliability of threshold
estimates with the HINT presented in quiet has been demonstrated, with
a standard deviation of difference scores of 1.39 dB (Nilsson et al., 1994).
The standardized HINT also involves measurement of the sentence SRT
in speech spectrum noise presented at a fixed level of 72 dBA.> An adap-
tive procedure is used to estimate the S/N ratio for a criterion level of
performance. For the HINT measured in noise, the mean S/N ratio for
listeners with normal hearing is -2.92 dB; this value indicates that people
with normal hearing correctly repeat 50 percent of the sentences at a
speech level that is less intense than the fixed noise level. A higher S/N
ratio on this measure indicates that a listener requires a higher signal level
to achieve 50 percent correct recognition, thus reflecting poorer perfor-
mance. The repeatability of the sentence SRT in noise is high (Nilsson et
al., 1994). The sentence SRT in noise demonstrates a listener’s ability to
understand speech in noisy environments, such as when operating a
vacuum cleaner or attending a small party. Thus, it is viewed as an alter-
nate procedure to other speech recognition measures in noise.

Although the HINT test was developed as a measure of SRT in quiet
and in noise, the stimulus materials are often presented at a
suprathreshold level to assess a percentage-correct score in quiet or in
noise at fixed speech and noise levels. While this application of the HINT
may be appealing, there are no data on the interlist equivalence of the
HINT, test-retest reliability, or psychometric functions for listeners with
normal hearing and with hearing loss at suprathreshold levels. Such data
would be important for standardizing the HINT for suprathreshold pre-
sentation.

Closed-Set Tests

A wide range of closed-message speech recognition tests—in which
the items are limited to a set known to the listener—have been developed
over the years. In these tests, a target stimulus is presented and the
listener’s task is to select the stimulus from a closed set of choices. The
number of choices dictates the guess rate for a particular test (e.g., 25
percent guess rate for a four-choice response alternative, 17 percent guess

5dBA refers to a reading obtained from a sound-level meter using the A-weighting scale,
which reduces the importance of the low frequencies; it is used for many noise measure-
ments.
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rate for a six-choice response alternative). Individual performance is
higher on a closed-set speech recognition test than on an open-set test for
the same speech stimuli.

Closed-message tests are available with a wide range of stimulus
items. Nonsense syllable tests present single syllables in a consonant-
vowel or vowel-consonant format. Because the stimuli are not meaningful
lexical items, listener performance is thought to reflect perception of the
acoustic cues of speech rather than knowledge of the language. The Non-
sense Syllable Test developed by researchers at the City University of
New York (CUNY NST) (Resnick, Dubno, Hoffnung, and Levitt, 1975) is
an example of a standardized, closed-set test that uses nonsense syllables.
This test has excellent interlist equivalence and test-retest reliability
(Dubno and Dirks, 1982). It permits assessment of the specific consonant
phonemes that a listener with hearing loss can identify as well the fre-
quency of occurrence of particular consonant confusions (Dubno, Dirks,
and Langhofer, 1982).

Monosyllabic words have also been used as the stimuli for closed-
message tests. One example is the California Consonant Test (Owens and
Schubert, 1977), which was developed to reveal the perceptual problems
in speech recognition of individuals with high-frequency sensorineural
hearing losses. The test assesses an individual’s ability to identify mono-
syllabic words with initial or final fricatives, sibilants, and plosives; these
phonemes are often difficult to perceive for individuals with high-fre-
quency sensorineural hearing loss. The response alternatives are chosen
to be highly confusable with the target stimuli, so this test may reveal
subtle difficulties in speech perception among individuals with selective
high-frequency hearing loss that are not revealed on standard open-set
monosyllabic word tests.

The Synthetic Sentence Identification test (SSI) (Speaks and Jerger,
1965) is an example of a closed-set sentence test. The sentence-length
stimuli for this test were chosen to follow an approximation to the syntac-
tic order of words in sentences, although the sentences are not meaning-
ful. Listeners are asked to select each sentence they hear from a list of 10
sentences. This test is presented with a competing message either in the
stimulus ear or the opposite ear, at varying S/N ratios. Abnormally poor
performance on this test provides a diagnostic indication of the side and
site of a retrocochlear lesion.

Listener Performance on Speech Recognition Tests

The performance of listeners with hearing loss on speech recognition
tests is affected by the degree of hearing loss, the configuration of hearing
loss, the site of the lesion, the listener’s knowledge of the language, the
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speech recognition materials, the speech presentation level, and the lis-
tening environment (quiet or noise). Individuals with normal hearing
sensitivity or conductive hearing loss generally exhibit excellent perfor-
mance (90-100 percent correct) on monosyllabic word tests and sentence
tests presented in quiet. Listeners with sensorineural hearing loss show a
range of scores, from 0 to 100 percent correct.

Individual performance on a variety of speech recognition measures
can be predicted with ANSI standards, including the articulation index
(AI) (American National Standards Institute, 1969) and the speech intelli-
gibility index (SII) (American National Standards Institute, 2002b). These
predictions are based on the audibility of the speech signal, the relative
intensities of the speech signal and background noise (the S/N ratio) in
different frequency bands, and the importance of different frequency
bands for accurate performance on a particular speech recognition test.
According to both the Al and the SII, predicted performance generally is
inversely proportional to the degree of hearing loss, for individuals with
hearing loss attributed to cochlear lesions. People with hearing loss pri-
marily affecting the high frequencies may demonstrate poor speech rec-
ognition scores at conversational speech levels, especially in noise (Suter,
1985), an observation attributed to the importance of high-frequency con-
sonant information for understanding speech and the direct masking of
low frequency cues by background noise. AI/SII predictions, however,
do not always completely predict actual performance for listeners with
hearing loss, particularly in noise (Dirks, Bell, Rossman, and Kincaid,
1986). For example, SII overpredicted average recognition scores for the
low-probability items of the SPIN test and for the Nonsense Syllable Test
by approximately 17-18 percent at +8 dB S/N ratio in a group of older
listeners with hearing loss (Hargus and Gordon-Salant, 1995).

Speech Recognition with Auditory and Visual Cues

The preceding section discussed assessment of speech recognition for
signals presented in the auditory modality without amplification. There
are circumstances in which it is desirable to assess recognition of speech
presented in both auditory and visual modalities. This type of presenta-
tion simulates a face-to-face conversation, permitting the receiver to take
advantage of visual cues from the face to aid perception. A comparison of
performance in the auditory modality to performance in the combined
auditory and visual modalities indicates the magnitude of benefit the
receiver obtains from speech-reading in addition to acoustic information.

One key issue in assessing auditory + visual speech reception is the
use of standardized materials. The importance of audio recordings of
speech materials for assessing speech recognition in the auditory modal-
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ity was discussed previously. Similarly, video recordings are essential
for assessing speech recognition when visual cues are presented, because
there is wide variability in the extent to which different talkers provide
visible speech cues through lip and jaw movement and expressive facial
movements (which may be obscured by such things as facial hair). Tests
for adults include the Iowa Sentence Test (Tyler, Preece, and Tye-Murray,
1986) and the CUNY Sentences (Boothroyd et al., 1985). The CUNY Sen-
tences are topic-related sentences consisting of 6 lists of 12 sentences
each. Performance is scored for keywords correct per list. Performance
reliability estimates are predicted from the binomial probability theorem
based on 25 independent items per list (Boothroyd, Hnath-Chisolm,
Hanin, and Kishon-Rabin, 1988). Audiotape, videotape, and video laser
disk recordings are available from the authors. The Iowa Sentence Test
also uses everyday sentences as the stimulus materials. This test has been
recorded on video laser disk, although equipment for playback of laser
disks is no longer available for purchase. Presentation of these audiovi-
sual materials involves routing the visual speech signal through a video
monitor under controlled lighting and distance conditions. The auditory
signal is routed through an audiometer for control of signal level. Noz-
mative data have not been published describing validity, reliability, or
performance-intensity functions in combined auditory + visual modali-
ties for these materials.

The appendix of the ANSI standard for the speech intelligibility index
(American National Standards Institute, 2002b) suggests a method for
calculating the audiovisual SII, S, to approximate performance of listen-
ers who are not specifically trained in speech-reading under optimal view-
ing conditions. The prediction uses the formula

S, =b+cS,

where S is the audio-only calculated SII, and b and c are constants. For S =
0.2, b and c are 0.1 and 1.5, respectively. For S > 0.2, b and c are 0.25 and
0.75, respectively. Using values from the transfer functions derived for
the NU6 Auditec audio recording (Schum, Matthews, and Lee, 1991;
Studebaker, Sherbecoe, and Gilmore, 1993), a value of S = 0.3 is associated
with an NU6 score of approximately 50 percent correct and an auditory +
visual S, = 0.475, yielding a predicted NU6 score of 80 percent correct.
When S = 0.2, the NU6 score would be expected to be about 20 percent,
but with the addition of vision S, = 0.4, and the predicted NU6 score
would be about 65-70 percent correct.

Actual auditory + visual performance may be substantially different
from these estimated predictions, although data comparing predicted to
actual performance are not available. A number of factors influence a
person’s unaided speech-reading performance, including familiarity with
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the talker (Lloyd and Price, 1971), visual acuity (Hardick, Oyer, and Irion,
1970), knowledge of the language, live versus recorded materials, and
degree of hearing loss (Erber, 1979). For example, word recognition per-
formance improves 19-28 percent for individuals with severe hearing loss
with the addition of visual cues, but improves only 1-15 percent for indi-
viduals with profound hearing loss (Erber, 1975). Although reception of
everyday sentences is usually optimal for audition + vision conditions
(Tye-Murray, 1998), some individuals with severe or profound hearing
losses may exhibit very poor performance (10 percent correct) for recogni-
tion of everyday sentences presented with auditory + visual cues (Sims
and Hirsh, 1982). These unaided performance levels do not reflect the
combined benefit of speech-reading and use of amplification or a cochlear
implant in suitable candidates.

Multicultural and Multilingual Issues in
Evaluation of Speech Recognition

U.S. society is becoming increasingly multicultural and multilingual.
Individuals seeking audiometric evaluation may have no knowledge of
the English language or may have limited fluency in English. Presenta-
tion of a standardized English speech recognition test to these individuals
is problematic for several reasons. First, a lack of familiarity with the
vocabulary is known to reduce performance on a speech recognition test.
As a result, nonnative speakers of English obtain lower scores on English
speech recognition tests than do native speakers of the language (Gat and
Keith, 1978). Second, listeners whose first language is not English per-
ceive individual consonant and vowel phonemes differently than native
speakers of English (Danhauer, Crawford, and Edgerton, 1984). Finally,
nonnative speakers derive less meaning from sentence-length materials
than native speakers of English, in part because of differences between
the overall rhythmic pattern of English and that of many other languages.
For bilingual speakers, the age of second language acquisition is an im-
portant factor influencing proficiency in English. This is particularly ap-
parent on speech recognition tests in noise: nonnative adult speakers of
English who learned English before age 6 perform better in noise than
adult listeners who learned the language after puberty, even though all
listeners achieve nearly perfect performance in quiet (Mayo, Florentine,
and Buus, 1997).

Despite these obstacles, it remains desirable to evaluate a listener’s
speech recognition performance during an audiometric assessment. A
number of alternative materials and methods have been recommended
for evaluating nonnative speakers of English. The preferred strategy is to
present a speech recognition test for which recordings are available in
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TABLE 3-2 Speech Recognition Materials Available in Languages Other
Than English
Test Type/Language Source
Bisyllables
Spanish Auditec of St. Louis
Luganda Nsamba, 1979
Monosyllabic Words
Spanish Auditec of St. Louis
Russian Aleksandrovsky, et al., 1998
Hearing in Noise Test (HINT)
Spanish Cochlear Corporation, 2002
French Laroche, et al., University of Ottowa, 2002
Mandarin Wong, University of Hong Kong, 2002
Cantonese Wong, University of Hong Kong, 2002
Japanese Kubi, Osaka University, 2002
Picture Identification
Spanish VA recordings: McCullough and Wilson, 1998
Trisyllabic Words (for SRT)
Spanish Auditec of St. Louis
Bisyllabic Words (for word recognition)
Spanish Auditec of St. Louis
Synthetic Sentence Identification (SSI) Test
Spanish Auditec of St. Louis

NOTE: Entries are publications, vendors, or contact names for obtaining each set of
materials.

the listener’s native language. A listing of speech recognition tests that
have recordings available in languages other than English is shown in
Table 3-2. Lists of Spanish bisyllabic words tend to yield performance
scores by Spanish speakers that are comparable to English monosyllabic
word recognition scores by native speakers of English (Weislander and
Hodgson, 1989). Listener responses can be scored phonetically with reason-
able accuracy even if the audiologist is unfamiliar with the test language
(Cakiroglu and Danhauer, 1992; Cokely and Yager, 1993). Alternatively,
a closed-set, picture-pointing task can be used for test administration in a
language unfamiliar to the audiologist. This method removes any poten-
tial bias or scoring error. Tests that incorporate picture-pointing tasks on
paper and computer are available in Spanish and Russian (Aleksandrovsky,
McCullough, and Wilson, 1998; Comstock and Martin, 1984; McCullough,
Wilson, Birck, and Anderson, 1994; Spitzer, 1980).

There are many languages for which there are no recorded versions
of speech recognition tests. One recommendation is to assess the speech
recognition threshold using digit pairs in place of spondee words, be-
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cause new language learners acquire knowledge of digits relatively early,
and audiologists can easily score the responses (Ramkissoon, Proctor,
Lansing, and Bilger, 2002). This digit-SRT test can be administered to
listeners from any language, and results appear to be valid, based on high
correlations between digit-SRTs and the PTA measured for nonnative
English speakers (Ramkissoon et al., 2002). A comparable test for assess-
ing suprathreshold speech recognition in listeners with various linguistic
backgrounds has not been developed.

Acoustic Immittance Measures

Acoustic immittance measures are a series of electrophysiologic tests
that assess the integrity of the middle ear system and the structures com-
prising the acoustic reflex pathway. Acoustic immittance measures are
administered routinely as part of the standard audiometric evaluation
(Martin et al., 1998), using commercially available acoustic immittance
systems calibrated according to ANSI standards (American National Stan-
dards Institute, 2002a). Interpretation of the acoustic immittance test re-
sults, in conjunction with the audiogram, aids in determining the site of
the lesion associated with a hearing loss. The three basic subtests of the
acoustic immittance battery are tympanometry, acoustic reflex thresh-
olds, and acoustic reflex adaptation.

Tympanometry

Tympanometry is an assessment of the ease of acoustic energy trans-
fer (acoustic admittance) through the middle ear system, as a function of
air pressure. In the normal middle ear system, energy transfer of the
middle ear, as measured at the plane of the tympanic membrane, is maxi-
mal at atmospheric pressure (0 dekaPascals, or daPa) and is minimal at air
pressures that produce a stiffening of the middle ear system (air pressures
remote from 0 daPa, such as +200 daPa or —200 daPa).

Tympanometry is performed by presenting a probe tone to the ear
canal and measuring the acoustic admittance (in mmhos, an expression of
the ease of energy flow that has a reciprocal relationship with impedance
as measured in acoustic ohms) of this tone, as the air pressure presented
to the sealed ear canal varies from positive to negative (usually in the
range +200 daPa to -400 daPa). The standard probe tone frequency is 226
Hz, although many additional probe frequencies can be presented. The
resulting tympanogram is a pressure-admittance function that depicts the
admittance characteristics of the tympanic membrane and middle ear sys-
tem of the test ear. Three parameters of the tympanogram can be quanti-
fied: peak admittance (Peak Y), tympanometric width (TW), and equiva-
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TABLE 3-3 Norms for Peak Admittance (Y), Tympanometric Width
(TW), and Equivalent Volume (V)

Age Group Y (mmho) TW (daPa) V. (cm?)
Adults
Mean 0.79 77 1.36
90th percentile range 0.30-1.70 51-114 0.9-2.0
Children
Mean 0.52 114 0.58
90th percentile range 0.25-1.05 80-159 0.3-0.9

SOURCE: Margolis and Hunter (1999).

lent volume (V,) (American Speech-Language-Hearing Association,
1990). Normal values for each of these parameters are shown in Table 3-3.

Peak admittance is the admittance value observed at the peak point
on the tympanogram, in mmhos. Abnormally low values indicate a stiff-
ening pathology of the middle ear, including otitis media with effusion
and otosclerosis. Excessively high peak admittance values are consistent
with a hypermobile middle ear system, such as ossicular discontinuity or
scarring of the tympanic membrane.

Tympanometric width is the pressure interval on the tympanogram
corresponding to a 50 percent reduction relative to the peak height. It is
an indication of the shape of the tympanogram. A flat tympanogram,
often associated with otitis media with effusion, produces an abnormally
wide TW.

Equivalent volume is an indication of the volume of the external au-
ditory canal. It is obtained at a pressure that minimizes the admittance of
the middle ear (e.g., +200 daPa or -400 daPa). Thus, the height of the
tympanogram at one of these values is the equivalent volume of the exter-
nal auditory canal. Most acoustic admittance systems provide the V,_ina
printout accompanying the tympanogram. Abnormally high V__ coupled
with a flat tympanogram is observed in cases of a perforation of the
tympanic membrane.

In summary, abnormal tympanograms are observed for a variety of
pathological conditions affecting the tympanic membrane and middle
ear, including otitis media with effusion, otosclerosis, ossicular disconti-
nuity, tympanic membrane perforation, and a scarred (monomeric) tym-
panic membrane. A normal tympanogram indicates the presence of a
normally functioning middle ear system, either with or without normal
hearing.
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Acoustic Reflex Thresholds

The acoustic reflex is a contraction of the stapedius muscle of the
middle ear in response to loud sound. The pathways for this reflex ascend
from the peripheral auditory system to the brainstem and then descend
both ipsilaterally and contralaterally, so presentation of a loud sound in
one ear results in bilateral contraction of the stapedius muscles. This con-
traction stiffens the middle ear system, causing a reduction in the transfer
of low-frequency energy.

The clinical procedure for assessing the acoustic reflex threshold in-
volves presenting a low-frequency probe tone (i.e., 226 Hz) to one ear,
presenting high-intensity signals to the same or the other (contralateral)
ear, and monitoring a decrease in the acoustic admittance of the probe
tone in response to the presentation of the high-level signal. The mini-
mum stimulus level that results in an observable decrease in acoustic
admittance is defined as the acoustic reflex threshold. Acoustic reflex
thresholds are usually measured from 500-2000 Hz, in both ipsilateral and
contralateral modes, for each ear.

In listeners with normal hearing, the acoustic reflex threshold is elic-
ited at levels approximating 85 dB HL (+/- 10 dB). The acoustic reflex is
absent if the signal doesn’t reach the cochlea with sufficient intensity, if
there is damage affecting any of the structures along the acoustic reflex
pathway, or if there is a stiff middle ear system in the probe ear. Examples
of conditions in which the acoustic reflex is absent include conductive
hearing loss of 25 dB HL or greater in the stimulus ear, conductive hear-
ing loss of 10 dB HL or greater in the probe ear, sensorineural hearing loss
exceeding 75 dB HL in the stimulus ear, a lesion of the facial nerve in the
probe ear, and a lesion in the auditory brainstem affecting the crossing
pathway of the acoustic reflex arc. The acoustic reflex may also be absent
with a lesion of the vestibulocochlear nerve in the stimulus ear, depend-
ing on the extent of the lesion. The acoustic reflex is expected to be present
in cases of mild, moderate, or moderately severe sensorineural hearing
loss associated with a cochlear lesion. The acoustic reflex threshold gener-
ally increases as a function of pure-tone threshold in these cases (Silman
and Gelfand, 1981).

Otoacoustic Emissions

Otoacoustic emissions (OAEs) are noninvasive, objective measures of
cochlear functioning. The cochlea contains two distinct types of sensory
hair cells, outer and inner hair cells. When the inner hair cell senses vibra-
tion (sound), it will send the information by releasing neurotransmitters
at its base to initiate activity in the primary auditory nerve. The outer hair
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cell also will sense sound as vibration, but it does not send information to
the central nervous system. Rather, the role of the outer hair cell is to
amplify the vibration at specific regions of the cochlea by actually expand-
ing and contracting in response to sound (Brownell, Bader, Bertrand, and
de Ribaupierre, 1985; Russell and Sellick, 1978). This added vibration is
imparted to adjacent inner hair cells, thereby increasing the overall sensi-
tivity of the auditory system to weak sounds. Otoacoustic emissions are
produced when some of the energy from the outer hair cells is propagated
through the fluids in the cochlea back to the middle ear and tympanic
membrane to create a sound wave in the external ear canal (Kemp, 1986).

OAE:s are highly dependent on the outer hair cells (Schrott, Puel, and
Rebillard, 1991), which are generally more vulnerable to disease and dam-
age than inner hair cells. Therefore when OAEs are normal, it is presumed
that the inner hair cells are functioning normally as well. Consequently,
when an OAE is recorded, one can usually assume that hearing thresh-
olds are 30-40 dB HL or better. In addition, frequency regions of normal
and abnormal outer hair cell function can be predicted by patterns of
OAE response. In this way the OAE can aid in objective measures of
hearing (but see caveat below).

Two basic types of OAE are used clinically and both are acceptable
for use in infants, children, and adults. Each type requires a small probe
to be placed into the ear canal. The probe contains one or two sound
production devices (transducers) as well as a microphone to record the
emission itself. The transient-evoked OAE generally uses a click stimulus,
but occasionally a tone burst is used. The response is spread over about 10
ms time due to travel time in the inner ear. Responses from many stimuli
are averaged to reduce noise. Several types of statistical measures are
used to determine the presence of a reliable response.

The other type of OAE used clinically is the distortion-product OAE,
which is measured in response to two tones. The interaction of the two
tones produces distortion, creating a third tone at a frequency predictable
from the eliciting tones. A computer presents the primary tones and ana-
lyzes the microphone output for the presence of the distortion product.
For a thorough review of clinical applications of both types of OAEs, see
Prieve and Fitzgerald (2002).

It is important to keep in mind that an OAE can be present in narrow
regions of good outer hair cell function and should be interpreted in a
frequency-specific manner. As such, the OAE can help to fill in informa-
tion from specific frequency regions. Caution should be used in
overinterpretation of very narrow, low-amplitude regions of OAE, which
can be spurious noise. Also, OAEs are not strong in low-frequency re-
gions (1000 Hz and below) in infants and toddlers due to physiological
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noise, and thus absent OAEs in low-frequency regions should not be
given great weight in interpretation.

OAE presence indicates good hair cell function and generally indi-
cates that the hearing thresholds should be better than 30-40 dB. OAEs,
however, cannot be used to determine exact hearing thresholds. In con-
trast, the absence of an OAE can be due to a variety of causes, from
middle ear dysfunction to sensorineural disorders producing hearing loss
of any degree. The absence of an OAE alone should not be interpreted as
indication of significant hearing loss. There are conditions in which the
presence of an OAE alone does not ensure normal hearing sensitivity.
Disease that spares the cochlea and impairs function in the auditory nerve
or low brainstem (for example acoustic neuroma or auditory neuropathy)
can also cause significant hearing loss. The OAE therefore should not be
tested in isolation but must be included in a battery of tests for accurate
interpretation. Nevertheless, measurement of OAEs provides a quick,
noninvasive view of the functioning of the inner ear. Because of the value
of these measures, the evaluation of OAEs is routine in many diagnostic
audiology settings.

Auditory Evoked Potentials

Auditory evoked potentials (AEPs) are recordings of neural activity
evoked by sound. The AEP is collected using surface electrodes placed on
the scalp and near the ear. Computer-generated sounds are presented to
subjects via earphones, and each presentation triggers a synchronized
recording of neural activity. The responses to many stimuli are averaged
in a manner time-locked to the stimulus to reduce the contribution of
nonauditory generators, such as random muscle or brain activity.

AEPs occur within fractions of a second following stimulation. The
earliest activity, known as the auditory brainstem response or ABR, has a
latency of 0-20 ms depending on the age of the subject and the nature of
the sounds used to elicit the response. This response is generated in the
auditory nerve and brainstem auditory pathway. Other evoked potentials
include the middle latency response (MLR), generated in the thalamus
and primary auditory cortex, with a latency of 20-100 ms, and the late
cortical response (LCR), generated in the auditory cortex and association
areas, with a latency of 100-250 ms. While all of these AEPs can be used to
predict hearing threshold levels, the one used most commonly in the
United States is the ABR. In contrast, most of the audiology literature
from other parts of the world supports the use of late responses for thresh-
old estimation in adults (Coles and Mason, 1984; Hone, Norman, Keogh,
and Kelly, 2003; Hyde, Alberti, Matsumoto, and Yao-Li, 1986; Tsui, Wong,
and Wong, 2002). Most recently, a variation of standard evoked potential
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technique, referred to as auditory steady-state response (ASSR), has been
used successfully to predict frequency-specific hearing thresholds.

The ABR is a recording of activity generated in the auditory nerve
and subsequent brainstem auditory pathways. Short-duration sounds are
presented to the ear through earphones. These generate a series of neural
impulses in the brainstem auditory pathway.

The ABR requires that the electrode-recorded activity be averaged
following presentation of hundreds of stimuli. A computer time-locks the
recording of neural activity to the onset of stimuli and creates an average
neural response. The averaging process allows the minute (nanovolt level)
changes in electrical potentials in the brainstem that occur in response to
sound to be distinguished from other electrical activity in the brain and
muscles of the head and neck.

The ABR, when elicited by clearly audible stimuli, produces a consis-
tent series of peaks labeled with Roman numerals I-V. In infants, only
peaks L, III, and V are visible. As the stimulus level approaches the thresh-
old of hearing, ABR peaks diminish in amplitude and number and in-
crease in latency (see Figure 3-2). The lowest stimulus level that will pro-
duce a visually detectible ABR is termed the ABR threshold. The ABR
threshold in most instances is a very good indicator of the hearing thresh-
old that would be determined by standard audiometric techniques
(Sininger, Abdala, and Cone-Wesson, 1997; Stapells, Gravel, and Martin,
1995). In the absence of neurological disease, the ABR threshold can be
used to accurately predict audiometric thresholds. This is a standard tech-
nique used to predict degree and configuration of hearing loss in infants
under 6 months of age and in uncooperative toddlers. It can also be used
to predict hearing thresholds in adult patients who cannot or will not
respond to standard audiometric testing procedures. ABRs should not be
used in isolation; rather, they should be part of a test battery including
otoacoustic emissions, middle ear assessment, and some observation of
behavior in response to sound (see Chapter 7). In addition, when the
auditory nerve or low brainstem is specifically impaired, the ABR thresh-
old may not be an accurate indicator of hearing threshold (Sininger and
Oba, 2001).

The stimuli used for ABR testing are of different types. Clicks are
broadband stimuli that are particularly good for eliciting an ABR because
they excite many cochlear elements and neurons almost simultaneously.
ABR thresholds determined using click stimuli correspond closely to the
average hearing levels of an audiogram (Sininger and Abdala, 1998). Fre-
quency-specific tone bursts (short-duration tones created with slow rising
onset and offset ramps) are the best ABR stimuli for the purpose of deter-
mining the degree and configuration of hearing loss and for predicting
the specific thresholds on an audiogram. Figure 3-2 shows a typical ABR
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FIGURE 3-2 Infant auditory brainstem response to 4000 Hz tone burst.

intensity series recorded from an infant with normal hearing in response
to 4000 Hz tone bursts. Generally, tone bursts in the frequency range
between 500 and 4000 Hz provide adequate information for accurate pre-
diction of the hearing thresholds in subjects of any age.

Subjects must cooperate for the ABR evaluation by reclining and re-
maining nearly motionless in a darkened, sound-treated room during the
test. Infants generally are tested during natural sleep; toddlers may need
mild sedation for a competent evaluation. Older children and adults are
tested in a quiet dark environment while reclined and are encouraged to
sleep during the evaluation. The test requires that a minimum of three
electrodes be attached to the scalp after mild skin abrasion for adequate
connection. The subject is asked to wear headphones or use foam insert
plugs connected to transducers. A full evaluation may take 15 minutes to
2 hours, depending on results and degree of cooperation. ABRs can be
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elicited with bone-conducted stimuli when needed for differential diag-
nosis of conductive hearing loss or evaluation of ears with closed ear
canals (Lasky and Yang, 1986; Stuart, Yang, and Green, 1994; Yang and
Stuart, 1990; Yang, Rupert, and Moushegian, 1987).

The auditory steady-state response (ASSR), previously known as the
steady-state evoked potential (SSEP), is another way of objectively as-
sessing frequency-specific responses. In simple terms, this technique uses
pure-tone (carrier) stimuli that are modulated at an appropriate ampli-
tude with another tone at an appropriate modulation frequency. For
infants and children, the appropriate modulation frequency range is
about 80-100 Hz. Long segments of these stimuli are presented and ongo-
ing electroencephalographic activity is sampled and analyzed in the fre-
quency domain. When the neural activity shows a preference for the
modulation frequency over other frequencies in the analysis, it is as-
sumed that the auditory system is responding to the carrier frequency. A
response is determined statistically by highly coherent phase in repeated
measurements at the target frequency, or by significantly greater ampli-
tude of modulation spectral components than surrounding frequencies,
or both.

ASSR detection is completely automated. In addition, it can be quite
fast as a clinical measure. Picton has shown (Picton et al., 1998), by using
a variety of modulation frequencies, that up to four stimuli can be tested
in each ear simultaneously. This technique has been shown to be of value
in assessing aided hearing thresholds in the sound field (Picton et al.,
1998). Hearing thresholds have been estimated to be within about 10-15
dB of thresholds obtained by standard audiometric techniques in adults
with normal hearing and hearing loss using the multifrequency ASSR
(Dimitrijevic et al., 2002).

One reservation about the use of ASSR for measurement of hearing is
the lack of good data on infants and children (Stapells et al., 1995).
Rickards et al. (1994) have found that normally hearing infants may not
have a reliable response below about 40 dB. This would make it impos-
sible to distinguish between mild hearing loss and normal hearing, a
distinction that is critically important for determination of amplification
needs. Perez-Abalo and colleagues (2001) have shown that, although they
were able to determine hearing loss in the severe and profound range, in
general, there was only fair agreement between ASSR thresholds and
hearing levels in children with hearing loss. Her data also show that
ASSR was unable to determine hearing levels below 40 to 50 dB nHL in
the children at any frequency. At this time it would be not be prudent to
recommend the use of ASSR to determine hearing loss in infants and
young children, especially those with mild and moderate hearing loss.
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Assessment When Exaggerated Hearing Loss Is Suspected

On occasion, an individual may feign a hearing loss or exaggerate
one during routine audiometric assessment for financial compensation,
to gain attention, or to acquire some form of special treatment. The terms
“pseudohypacusis” and “malingering” may be used to describe these
cases. Pseudohypacusis refers to a hearing loss without an organic basis;
malingering describes cases of willful simulation of a hearing loss. Re-
gardless of the motivation for pseudohypacusis, the audiologist’s respon-
sibilities are to determine whether an individual is providing accurate
thresholds and, if not, to estimate the true audiometric thresholds.

Some behavioral signs of pseudohypacusis include exaggerated be-
havior during a case history interview or report of a hearing loss that is
inconsistent with an individual’s apparent communication ability. Rou-
tine pure-tone and speech audiometry often reveal inconsistencies that
are indicative of pseudohypacusis: poor agreement between repeated
thresholds measured at one frequency (> 5 dB), poor agreement between
average pure-tone thresholds and the speech recognition thresholds (> 6
dB), exaggerated inconsistency between average pure-tone thresholds
measured with a descending procedure and speech recognition thresh-
olds measured with an ascending procedure (> 10 dB) (Schlauch, Arnce,
Olson, Sanchez, and Doyle, 1996), absence of a “shadow” threshold curve
in the poorer ear in cases of a profound unilateral hearing loss, excellent
speech recognition scores at relatively low presentation levels (20 dB
above admitted threshold), and no response to unmasked bone conduc-
tion stimuli with bone conduction oscillator placement on the poorer ear.

In addition, acoustic reflex thresholds may be elicited at levels that
are lower (better) than admitted behavioral pure-tone thresholds, con-
firming the presence of pseudohypacusis.

Pseudohypacusis frequently is resolved with reinstruction and re-
peated assessment of pure-tone thresholds using an ascending technique
on the same day or on another day. Other behavioral techniques that can
be used to estimate pure-tone thresholds with reasonable accuracy and
without the need for special equipment are the Stenger test for cases of
unilateral hearing loss (Newby, 1964) and the Sensorineural Acuity Level
(SAL) test (Rintelmann and Harford, 1963). A simple technique is to count
pulses of variable intensity (Ross, 1964), that is, to ask listeners to count a
series of beeps. This technique is particularly useful for children.

For individuals whose exaggerated auditory thresholds do not re-
solve with these or other special behavioral techniques (e.g., Bekesy track-
ing, Jerger and Herer, 1961; delayed auditory feedback, Ruhm and Coo-
per, 1964), the ABR is the technique that will be chosen by most
audiologists in the United States to estimate hearing sensitivity. Cortical
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evoked potentials, also known as late potentials, can also be used success-
fully in the objective assessment of hearing for adults (Coles and Mason,
1984; Hone et al., 2003; Hyde et al., 1986; Tsui et al., 2002). A discussion of
techniques for management of pseudohypacusis can be found in a review
chapter by Snyder (2001).

Multiple Conditions

Patients may present with a variety of disabling conditions, in addi-
tion to the hearing loss, that may interfere with routine testing proce-
dures. For example, a severe neurological or motor problem that prevents
an individual from providing a time-locked behavioral response requires
modification of the standard paradigm in order to obtain an accurate
measure of threshold. Any behavioral response that is under the listener’s
control may be used to signify signal detection, such as a finger motion,
an eyeblink, or a directed eye gaze. Loss of visual acuity as the sole addi-
tional disabling condition generally has no effect on routine audiometric
assessment procedures. However, this condition would negatively im-
pact performance on measures that combine auditory and visual presen-
tation of stimuli. Individuals with mental retardation or developmental
disabilities may have difficulty responding to abstract pure-tone signals
with a standard behavioral response. Techniques used for children of an
equivalent developmental age may be applied with these persons. When
modified procedures do not produce reliable thresholds (pure tone or
speech) or suprathreshold speech recognition scores, then assessment with
electrophysiological techniques such as ABR is often utilized.
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Testing Adult Hearing:
Conclusions and Recommendations

KEY ISSUES

The committee was charged to answer several questions, which are
addressed here as they pertain to adults. A few of these questions, dealing
with nonspeech sounds, objective/physiological tests, and improving re-
liability, are relatively easy and are discussed first. The remaining ques-
tions involve issues of predictive validity—Can a particular result on a
hearing test predict inability to work?—and are both complex and diffi-
cult; much of this section is devoted to a discussion of what is known and
what is not yet known about these issues.

Nonspeech Sounds

Perception of nonspeech sounds is important in the workplace be-
cause many workers need to be able to detect, discriminate, recognize,
and localize nonspeech sounds. However, there are no tests of discrimi-
nation and localization abilities of nonspeech sounds in routine clinical
use today, and the committee therefore can make only recommendations
for research in this area (see Research Recommendations 4-9 and 4-10). In
contrast, the ability to detect nonspeech sounds such as warning signals
can be predicted using procedures that take into account the intensity and
frequency content of the signal and background noise, as well as the pure-
tone thresholds (the audiogram) of the worker, with or without a hearing
protection device (International Organization for Standardization, 1986).

101
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Because jobs vary so greatly with regard to the need to hear warning
signals (in many cases, accommodations such as visual warning signals
can be substituted), and because the spectrum and level of specific warn-
ing signals would need to be known to predict signal audibility, the com-
mittee does not recommend their inclusion in the Social Security Admin-
istration (SSA) medical listings of Step 3. Rather, these issues are best
dealt with in Steps 4 and 5 of the SSA process, when expert opinion on
specific work conditions can be obtained.

Objective Tests

As described in Chapter 3, objective (physiological) tests, such as
evoked potentials and otoacoustic emissions, are extremely useful for
determining what part of the auditory system is affected in a person with
hearing loss, and for testing persons who cannot or will not cooperate in
behavioral testing. Nevertheless, in almost all cooperative adults, behav-
ioral tests produce the best evidence of hearing abilities. For uncoopera-
tive adults, frequency-specific evoked potential threshold tests, while
much more time-consuming than behavioral audiometry, provide good
evidence of hearing loss, but only to the extent that they are known to
correlate with pure-tone audiometry. These statements represent conven-
tional wisdom in the international audiology community, and we are
unaware of any data or even opinion to the contrary.

Improving Reliability

Current Step 3 procedures in adults require speech discrimination
testing (which we refer to as speech recognition testing), but they do not
specify several important variables: the word list used, recording versus
live voice, the number of test words, the level of presentation, and whether
people who use hearing aids or cochlear implants are tested with or with-
out their devices. All of these variables affect the difficulty and the vari-
ability of speech tests. Recommended guidelines for speech testing used
by SSA in Step 3 should control each of these variables to improve the
reliability of speech testing.

Predictive Validity

The committee’s key task, a very difficult one, is to recommend stan-
dardized hearing tests that optimally predict the inability to work, taking
into account issues of hearing aids, cochlear implants, non-English-speak-
ing claimants, nonauditory deficits, and the hearing demands of different
workplaces. This task can be approached as a problem in diagnostic test
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accuracy (Swets, 1988). For any given test and cutoff (such as 40 percent
correct on a test of word recognition, as in the current medical listings), a
claimant will fall into one of four groups:

True positive (TP): test score is below cutoff and the claimant is in fact
disabled.

False positive (FP): test score is below cutoff but the claimant can
work.

True negative (TN): test score is above cutoff and the claimant can
work.

False negative (FN): test score is above cutoff but the claimant is in
fact disabled.

Obviously, TPs and TNs are accurate and desirable outcomes, and
FPs and FNs represent undesirable errors. In general, the fewer errors the
better, but what should be recommended if two tests (or two cutoffs)
produce similar numbers of total errors but different proportions of FPs
and FNs? For example, assume that for one group of 1,000 claimants the
40 percent cutoff on the speech test produced 20 FPs and 50 FNs. Assume
further that a 60 percent cutoff produced 50 FPs and 20 FNs (because
every additional TP reduces the number of FNs by one, an equivalent
description of this hypothetical example would be that changing the cut-
off from 40 to 60 percent produced marginal increases of 30 TPs and 30
FPs).

It would be impossible to choose one cutoff over the other based only
on the total number of errors, but if one type of error were more undesir-
able than the other, one would pick the cutoff that minimized the more
costly error. The costs of an FP error at Step 3 of the SSA disability process
include reduced productivity from an individual who could be employed
as well as the cost of SSA benefits. FN costs include the hardship of the
wrongly denied claimant, although these costs can be reduced in Steps 4
and 5 of the process, in which a claimant denied in Step 3 may still be
found to be disabled. If one test (e.g., word recognition) produced fewer
of both types of errors than another (e.g., a sentence test), the choice of
tests would be easy, but choosing the optimal cutoff would still involve a
trade-off in which it is impossible to reduce one type of error without
increasing the other. It is difficult to recommend optimal tests and cutoffs
without specifying the relative costs of FP and FN errors; this would
require a value judgment that is beyond the purview of the committee.

Regardless of the relative costs of FP and FN errors, if the “diagnosis”
of a claimant for SSA is indeed “inability to engage in any substantial
gainful activity,” there are strong reasons, discussed in Chapter 1, to be-
lieve that this cannot be done with perfect accuracy in a process, like
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SSA’s Step 3, that considers only a claimant’s hearing test results. This is
true—even if one were to limit oneself to predicting the ability to under-
stand speech at work—because there are three sets of variables that inter-
act in determining how well listeners can recognize, identify, and com-
prehend speech, but clinical hearing tests can address only one of these
sets. Hearing tests do not evaluate nonauditory variables specific to the
claimant (age, education, intelligence, motivation, native language, cogni-
tive problems, etc.), nor do they evaluate the variable communication
demands of different workplaces. The spectrum of communication de-
mand in the workplace is nearly infinite, but a few examples illustrate the
broad range of possibilities:

1. Jobs in which accommodations for deaf and hard-of-hearing per-
sons (e.g., email, instant messaging, and occasional use of interpreters)
make it possible for them to function without ever needing to use speech
communication;

2. Jobs that require only occasional unhurried conversation, face-to-
face in a quiet office, talking with familiar persons about familiar subjects,
with the opportunity to ask for repeats and clarifications;

3. Jobs that require frequent conversation with strangers about unfa-
miliar topics, often without the aid of vision (for example, on the tele-
phone);

4. Jobs that sometimes require rapid high-stakes responses to unpre-
dictable messages that may come from distraught strangers who speak
English poorly, in noisy backgrounds without visual input (a police of-
ficer or firefighter, for example).

Job type 1 requires no hearing. There must be many such jobs: 75
percent of working-age men who describe themselves as deaf are em-
ployed (Houtenville, 2002). Job types 2, 3, and 4 all require hearing abil-
ity, but many people who could perform job type 2 would be unable,
because of hearing loss or nonauditory problems, to meet the communi-
cation demands of job types 3 and 4. Job type 4 probably requires an
alert, motivated, trained person who hears as well as a typical healthy
young adult. Without knowing the distribution of jobs with differing
levels of communication demand available to people who apply for SSA
disability, and without knowing the distribution of nonauditory charac-
teristics among claimants, it is difficult to propose a Step 3 medical list-
ing criterion that would be likely to accurately identify people as dis-
abled in all cases.
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LIMITATIONS OF CURRENT FORMULA AND
TESTING PROTOCOL

Hearing impairment in adults that qualifies for disability benefits
under the existing SSA determination in Step 3 is a loss of hearing that is
not restorable by a hearing aid. The current formula specifies that disabil-
ity determination is met by documentation of average hearing thresholds
(500, 1000, and 2000 Hz) of 90 dB hearing level (HL) or worse for air
conduction stimuli and at maximal levels for bone conduction stimuli in
the better ear or speech discrimination scores of 40 percent or less in the
better ear. Expert testimony presented in the public forum held by the
committee indicates that these criteria often fail to identify individuals
who may be at risk in the workplace because of hearing loss, particularly
those in hearing-critical jobs. There are several reasons for such failures:

¢ The existing formula for disability determination for adults doesn’t
take into account speech recognition performance at average conversa-
tional speech levels, which are likely to be encountered in everyday com-
munication situations.

® The current procedure doesn’t evaluate speech recognition in noise;
poor speech understanding in noise could severely impair the ability to
function effectively in many jobs that are dependent on oral communica-
tion.

¢ The current procedures and formula do not consider performance
with a hearing aid or implantable device. Actual performance with these
devices cannot be predicted from unaided performance. Direct measures
of performance with the assistive device and appropriate weighting to the
disability determination formulas should reflect the extent to which the
assistive device benefits an individual with hearing loss for certain hear-
ing-critical job tasks.

¢ The current protocol does not include assessment of sound local-
ization, nor the ability to differentiate a change in an acoustic stimulus
(i.e., sound discrimination). While these are fundamental hearing abili-
ties, especially in certain hearing-critical jobs, there currently are no stan-
dard clinical methods of assessing these auditory functions. Research
should be directed at this need.

® The current formula doesn’t recognize that individuals with severe
hearing losses (71-90 dB HL pure-tone average or PTA) cannot receive
spoken communication auditorily without a hearing aid. Persons with
severe hearing losses cannot detect the presence of conversational speech,
nor can they accurately recognize the spoken message without a hearing
aid. Many adults with severe hearing losses with early onset have not
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been successful hearing aid users, as described in Chapter 5, and function
primarily in the deaf world. They have been educated at schools for the
deaf, including postsecondary schools for the deaf. It should be noted that
postsecondary schools for the deaf, including Gallaudet University and
the National Technical Institute for the Deaf, have an enrollment criterion
of average hearing loss exceeding 70 dB HL. Employment data demon-
strate that, on average, adults with severe and profound hearing losses
(>70 dB HL) have a lower rate of employment (Blanchfield, Feldman,
Dunbar, and Gardner, 2001) and lower earnings than individuals with
normal hearing (e.g., Houtenville, 2002). The committee is not aware of
published data that indicate any differences in employment trends
between persons with severe hearing loss and persons with profound
hearing loss. Finally, Food and Drug Administration regulations state
that adults with hearing losses exceeding 70 dB HL may be candidates for
cochlear implants, in recognition of the limited benefit that these indi-
viduals may receive from amplification. Thus, claimants with severe hearing
losses who do not wear hearing aids or cochlear implants have essentially
no ability to hear or understand conversational speech in the workplace
and may be placed at a significant disadvantage as a result.

GENERAL RECOMMENDATIONS

The foregoing discussion suggests that there is a fundamental contra-
diction between the SSA’s definition of disability based on a physical
impairment and the reality of highly successful performance in the work-
place by some individuals with these very same impairments. The com-
mittee deliberated about whether there should be medical listings at all.
One could argue “no.” However, we do not recommend eliminating medi-
cal listings at this time because evidence is lacking about their current
performance (i.e., the error rate inherent in Step 3 and the quality and
uniformity of individual evaluations in Steps 4 and 5) and because there
are clear advantages of medical listings as consistently applied criteria
that are less costly than requiring all claimants to proceed directly to
Steps 4 and 5.

The committee debated whether there should be changes in the cur-
rent medical listings for Step 3. For example, we carefully examined the
evidence for changing the PTA cutoff from 90 to 70 dB. We do not recom-
mend a change in the PTA cutoff at this time because evidence is lacking
about the accuracy of the current PTA cutoff in correctly identifying indi-
viduals with severe disability and correctly rejecting individuals without
severe disability.

The committee also considered whether the speech recognition score
cutoff should change from 40 to 50 percent correct, or whether the current
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word recognition test should be replaced with a sentence recognition test.
Again, we do not recommend a change at this time because evidence is
lacking about performance of the current cutoffs and tests. In summary,
there remain deficiencies in knowledge about the performance of current
cutoffs in the medical listings, and it is difficult to recommend changes to
them without knowledge of the performance of these criteria or alterna-
tives to the existing criteria.

In contrast to the lack of data on the ability of clinical tests to predict
ability to work, considerable research evidence now exists about the ef-
fects of procedural variables on the reliability and internal validity of
performance on audiological tests. As a result, the committee is in a
position to recommend removing ambiguities in the standard test proto-
col with the goal of improving the performance of the testing process.
The principal recommended change to the disability determination pro-
cess, therefore, consists of clarification of the methodological procedures
used for the audiological assessment, which is expected to be useful for
improving the reliability and validity of the test results. Additional test
measures (e.g., speech recognition in noise) are recommended as part of
the audiological assessment that will provide important documentation
for decision points in Steps 4 and 5 of the SSA disability determination
process.

The recommendations in this chapter are a refinement of the protocol
for evaluating claimants for hearing impairment disability. The principal
changes proposed for the evaluation of adults include testing speech rec-
ognition in the sound field while the claimant wears his or her own hear-
ing aid or cochlear implant, in two conditions: (1) in quiet at 70 dB sound
pressure level or SPL, using two 50-word lists of the Veterans Adminis-
tration (VA) recordings of Northwestern University Auditory Test No. 6
(NU6) and (2) in two noise conditions (the noise is a single competing
talker) using a single 50-word list in each noise condition, with speech
presented at 70 dB SPL and noise presented at +10 dB and 0 dB signal-to-
noise (S/N) ratios. If the claimant does not use a hearing aid or cochlear
implant, then the speech recognition tests (quiet and noise) are presented
to the listener in the sound field in the unaided mode (ears uncovered).
An individual claimant is tested either in the aided mode or the unaided
mode, but not both. The test in noise is included to provide relevant data
for decisions in Steps 4 and 5. In addition, we propose adding a series of
questions to be answered using a checklist during the audiological assess-
ment to indicate the quality of the test results. A final recommendation for
the protocol is to evaluate claimants who are nonnative speakers of En-
glish with speech recognition tests in their native language, if available.

There are no revisions proposed to the criteria for significant and
disabling hearing impairment; rather, the existing cutoffs would be ap-
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plied to measures obtained in very specific test conditions. Moreover, the
criteria vary somewhat for claimants who wear a hearing aid or cochlear
implant compared with claimants who are unaided. For claimants who
do not wear a hearing aid or cochlear implant, the criterion for hearing
disability is a PTA in the profound range (= 90 dB HL) or speech recogni-
tion performance less than or equal to 40 percent correct in quiet. For
those claimants who wear a hearing aid or cochlear implant, the criterion
for hearing disability is aided speech recognition performance less than
40 percent correct in quiet under specified test conditions.

These changes to the protocol are expected to yield an improvement
in validity and can be supported by two generic examples:

1. Under the current medical listings, many persons with severe hear-
ing loss who are not cochlear implant users are denied eligibility because
their PTA 512 is better than 90 dB HL and their speech recognition score,
measured at unrealistically high presentation levels, is higher than 40
percent correct. Many of these individuals are false negatives. Specifying
the presentation level of 70 dB SPL in the sound field will certainly reduce
these false negatives (but will also create some new false positives, it is
hoped few in number compared with the reduction in the number of false
negatives).

2. Under the current medical listings, assuming most SSA personnel
don’t permit aided testing, virtually everyone with a cochlear implant is
declared eligible. Clearly, many of these individuals are false positives
because with the cochlear implant they can perform well in the work-
place. Specifying aided sound field testing will certainly reduce false posi-
tives (but will also create some new false negatives, it is hoped few in
number compared with the reduction in false positives).

SPECIFIC RECOMMENDATIONS

The following discussion on tests for disability determination applies
to tests that may be used in Steps 2, 3, 4, or 5 of the SSA disability determi-
nation process. Any recommendations for medical listings (Step 3) are
identified explicitly as such.

Otolaryngological Examination

Action Recommendation 4-1. The otolaryngological exam that is re-
quired for disability determination should be performed by an otolaryn-
gologist certified by the American Board of Otolaryngology. The recom-
mended examination is described in detail in Chapter 3. The committee
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recommends that this examination follow the audiological testing, but by
no more than six months. This reversal of the order of examinations from
the current SSA guidance is based on the committee’s judgment that the
results of audiological testing must be considered by the otolaryngologist
in reaching his or her conclusions about the claimant.

Criteria for Selecting Tests for Disability Determination

The committee considered a number of different issues in developing
criteria for the selection of tests to be recommended for use in disability
determination. Some issues were specified by the SSA: the tests should be
readily available at no additional cost to the agency, should be part of the
standard of care, should yield reliable and valid data, and should provide
good descriptors of human performance in the real world. The committee
was steadfast to the principle that each test must have undergone rigor-
ous testing procedures for standardization, so that the following charac-
teristics of the test are known:

¢ expected performance of individuals with normal and disordered
auditory systems,

® expected variability in performance,

* expected performance at particular presentation levels and through
particular transducers, and

¢ test-retest stability.

Another highly desirable goal was to select tests for which correla-
tions are known between performance on the test in specific conditions
and actual performance in the workplace. We also sought tests that could
be performed in unaided and aided listening conditions to indicate the
benefit that a claimant receives from a hearing aid, cochlear implant, or
other assistive listening device in real-world situations. Tests that could
be performed by claimants who are nonnative speakers of English were
also preferred.

Few tests examined by the committee met all of these criteria. As a
result, we identified tests that met most of the principal criteria specified.
We recommend use of the tests described in this section until such time as
new tests are developed, or existing tests are modified, to meet all of the
criteria stipulated. As acceptable tests become available, they should be
considered by SSA for inclusion in the disability determination process.
Specification of required standardization procedures is provided through-
out this section for the benefit of individuals interested in developing
tests for future use by SSA.
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The Test Battery Approach

Action Recommendation 4-2. In order to capture an accurate assess-
ment of an individual’s hearing abilities on a given day, a test battery is
recommended. The test battery approach permits a determination of the
validity of the claimant’s responses by examining intertest agreement. If
SSA continues to use both pure-tone and speech testing, then more than
one test in the battery can be used to determine if an individual has met
the requirements for a disability based on hearing impairment. A person
who may not be able to take a particular test in the battery (e.g., because of
a language barrier) may still have a successful claim on the basis of per-
formance on other component tests in the battery. The measures to be
assessed in the test battery for adults are:

® pure-tone thresholds in each ear presented via air and bone con-
duction transducers,

® speech thresholds using earphones in each ear,

® speech recognition performance for signals presented in the sound
field at average conversational levels in quiet and in noise,

* tympanometry, and

e acoustic reflex thresholds.

The latter two tests are included to rule out conductive pathology,
because a conductive component to the hearing loss often can be man-
aged medically with improvement in hearing sensitivity. In addition,
acoustic reflex threshold assessment can be useful in identifying cases of
feigning a severe or profound hearing loss that would be undetected by
other tests in the battery. It is recommended that the entire test battery be
completed before a determination of disability is formulated.

Personnel to Conduct the Testing

Action Recommendation 4-3. The test procedures required for de-
termining a disability based on hearing impairment must be conducted
by a clinical audiologist who holds state licensure (if applicable). Audi-
ologists working in states in which no licensure exists should be certified
by the American Speech-Language-Hearing Association (Certificate of
Clinical Competence in Audiology, or CCC-A) or by the American Board
of Audiology.

Audiologists are hearing health care professionals who identify, as-
sess, and manage disorders of the auditory system of individuals across
the life span and of individuals from diverse linguistic and cultural back-
grounds. They follow a stringent code of ethics (American Speech-
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Language-Hearing Association, 2002). A professional audiologist is deemed
necessary because the recommended procedures include performing tests
with the claimant’s own hearing aid(s) or cochlear implant(s) set to their
optimal adjustments. The only professional who has the requisite knowl-
edge, training, and clinical experience to perform these and other audi-
tory tests comprising the test battery is the clinical audiologist.

Environment and Equipment for Testing
Action Recommendation 4-4

Test Environment

Audiological assessments are conducted in controlled acoustic envi-
ronments to minimize the detrimental and unpredictable effects of back-
ground noise. The environment for assessment of auditory threshold must
conform to standards of the American National Standards Institute (ANSI)
for limits on maximum permissible ambient noise levels (American Na-
tional Standards Institute, 2003a). The presence of noise in excess of these
required levels produces shifts in measured auditory thresholds, particu-
larly for low-frequency sounds.

The reverberation characteristics of the test environment should also
be controlled if sound field measures are conducted. Reverberation refers
to the prolongation of sound in a room, resulting from reflections of sound
at the boundaries of the room enclosure. Reverberation is quantified by
the reverberation time, defined as the duration, in seconds (sec), for a
signal to decay 60 dB below its steady-state value after termination. The
recommended reverberation time for the audiometric environment is 0.2
sec or less (American Speech-Language-Hearing Association, 1991a). Con-
trol of both noise and reverberation can be achieved with double-walled
sound-attenuating chambers.

Equipment for Testing

The principal equipment used for behavioral assessment of auditory
thresholds and speech recognition is the audiometer. The audiometer
generates pure-tone signals and can present speech signals that are either
live voice or prerecorded. The examiner controls signal intensity, stimu-
lus temporal characteristics, and signal transducer (earphones, bone con-
duction vibrator, or loudspeaker). ANSI Standard S3.6-1996 (American
National Standards Institute, 1996) specifies the reference-equivalent
threshold sound pressure levels (RETSPL) for signals presented via ear-
phones and loudspeakers, as well as reference-equivalent threshold force
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levels (RETFL) for signals presented via bone conduction transducers.
These terms (RETSPL and RETFL) refer to the sound pressure levels or
force levels of explicit signals (pure tones and speech), presented via spe-
cific transducers, that correspond to the average threshold of hearing in
young adult listeners with normal hearing. A full electroacoustic calibra-
tion of audiometric equipment to these reference levels (or those specified
in future, revised ANSI standards) should be conducted initially with
new equipment and annually thereafter (American Speech-Language-
Hearing Association, 2002).

Other types of audiometric equipment are used for the electrophysi-
ological measures described in other sections of this report. Acoustic
immittance meters measure the admittance of the middle ear system and
are employed in assessment of middle ear function (tympanometry and
acoustic reflexes). Calibration of these devices is detailed in ANSI Stan-
dard S3.39-1987 (R2002) (American National Standard Institute, 2000D).
Auditory evoked potentials (e.g., electrocochleography, auditory
brainstem response or ABR—see the section later in the chapter) and
otoacoustic emissions (e.g., transient-evoked otoacoustic emissions, dis-
tortion product otoacoustic emissions) can be measured with clinical
instruments or more sophisticated laboratory equipment. As of this writ-
ing, there are no national standards governing the calibration of this type
of equipment. However, electroacoustic equipment should be calibrated
to conform to the manufacturer’s specifications, when appropriate
(American Speech-Language-Hearing Association, 1993). All power-line-
operated instruments must also satisfy minimum ANSI safety require-
ments for grounding and levels of electrical stimulation (American Na-
tional Standards Institute, 1993).

A stringent protocol for infection control is used for all audiometric
equipment (Cohen and McCullough, 1996). In particular, any audiomet-
ric supplies that come into direct contact with the external auditory canal
(such as ear tips) must be either discarded after a single use or sterilized to
prevent the spread of infectious disease.

The Checklist

Action Recommendation 4-5. The committee recommends that SSA
require a checklist to accompany all hearing test results obtained for adults
who are filing a claim for hearing disability. The checklist should be com-
pleted by the clinical audiologist at the time of the test and submitted
with other data as part of the claim for disability. (Item 5 should be com-
pleted by the audiologist or the otolaryngologist, whoever is last to exam-
ine the claimant.) Thus, any individual interested in filing a disability
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claim based on hearing loss must ensure that the checklist is completed at
the time of the audiological examination. The checklist is an indication of
the quality of the data collected to be used in the disability determination
process and includes additional useful information for evaluating a claim
in Steps 3, 4, and 5. Checklist items, together with the rationale for their
selection, appear throughout this section. The complete checklist is pre-
sented in Box 4-1, with a notation of answers that are unacceptable and
thus require retesting. If any answers are missing or not satisfactory, the
examination report should not be accepted for use in disability determi-
nation.

Brief Case History

A brief case history should be obtained prior to the hearing assess-
ment for disability determination. The case history ensures that the indi-
vidual is not experiencing temporary conditions that may affect the accu-
rate assessment of hearing acuity. Essential questions to be asked during
this brief case history pertain to recent noise exposure that may produce a
temporary threshold shift. It is recommended that an individual not be
tested if there is a history of recent noise exposure (within 72 hours) or if
hearing sensitivity is noticeably poorer on the exam day, in cases of fluc-
tuating hearing loss. Another important issue is whether the person expe-
riences a fluctuating hearing loss. If the hearing isn’t stable, this would
suggest the need for additional testing.

CHECKLIST ITEM 1: Does the claimant work in a noisy environ-
ment?

CHECKLIST ITEM 2: Is there a history of significant noise expo-
sure in the past 72 hours?

CHECKLIST ITEM 3: Does the claimant report a fluctuating hear-
ing loss? If so, was the claimant tested on a day when his or her
hearing was noticeably poorer?

A person’s performance on some auditory tasks is often a function of
the age of onset of hearing loss and mode of onset (sudden versus
gradual). Adults who have a recent, sudden onset of hearing loss some-
times exhibit particular difficulty on audiological measures. A checklist
item is included that inquires about mode of onset and, if sudden, if it was
recent. For a very recent hearing loss, a second audiogram may be ad-
vised, after the claimant has had more time to adjust to the loss.
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BOX 4-1
Checklist for Disability Determination

The following questions must be answered “Yes” or “No.” A response that falls in a
shaded box indicates that the test results are not acceptable. The test must be
repeated on another day.

ltem Response

1. Does the claimant work in a noisy environment?

2. Is there a history of significant noise exposure in the

past 72 hours?
3. Does the claimant report a fluctuating hearing loss? If so,

was the claimant tested on a day when his or her hearing

was noticeably poorer?
4. Did hearing loss begin suddenly? If so, did it begin recently

(in the past year)?
5. Is the time between the medical exam and the audiometric

exam 6 months or less?

6. Did the audiologist obtain a speech recognition threshold

with respondees?
7. Did the evaluation yield information indicating that the test

results appear to be valid? (Judgment based on PTA-SRT

agreement, communication skills during the case history, and

interlist consistency of speech recognition performance.) m
8. Does the claimant wear a hearing aid, cochlear implant,

or other device?

9. If yes, was the claimant tested with the hearing aid,
cochlear implant, or other device? m
10. Has the claimant been using a hearing aid or cochlear
implant for a sufficient duration to derive maximum benefit
from it? m
11. Answer both (a) and (b), based on your professional opinion:
(a) Has the claimant been tested with a reasonably optimal

amplification system or coclear implant?

(b) Is this person a candidate for either a hearing aid or a

cochlear implant at this time?

12. Is the claimant required to use hearing protection

on the job? Yes No

CHECKLIST ITEM 4: Did the hearing loss begin suddenly? If so,
did it begin recently (in the past year)?

CHECKLIST ITEM 5: Is the time between the medical exam and

the audiometric exam 6 months or less? (To be completed by
professional who is the last to examine the claimant.)
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Rationale and Procedures for Pure-Tone Testing

An essential component of the test battery is an assessment of the
softest sounds an individual can detect. The standard pure-tone threshold
audiometric test for stimuli presented via earphones (air conduction) and
via a bone oscillator (bone conduction) is required for this purpose. The
test frequencies include the octave intervals from 250 to 8000 Hz for air-
conducted stimuli, and from 250 to 4000 Hz for bone-conducted stimuli,
with masking used as necessary to eliminate stimulus perception by the
nontest ear. The resulting pure-tone audiogram will permit a determina-
tion of the degree and type of hearing loss, as well as the relationship of
the hearing sensitivity between the two ears.

The pure-tone test must be conducted without the use of a hearing
aid or cochlear implant (unaided). That is, any device must be removed
from the claimant in order to conduct the test. Even if an individual wears
a cochlear implant, it is necessary to assess hearing sensitivity bilaterally
as part of the record, and because there may be some residual hearing in
the unimplanted ear.

Generally, a single audiogram is required for disability determina-
tion. If an individual reports being in a noisy environment within the
past 72 hours, he or she must return for testing another day when they
have been free of noise exposure for at least a 72-hour period of time.
This is the amount of time required for recovery from a temporary thresh-
old shift resulting from most forms of noise exposure. However, if there
is a recent history of acoustic trauma (i.e., exposure to a blast or explo-
sion) or of the use of ototoxic drugs, then a repeat audiogram may be
necessary after 3-6 months recovery time (Pahor, 1981; Segal, Harell,
Shahar, and Englender, 1988). A second audiogram may also be obtained
in cases of fluctuating hearing loss, recent head trauma, or very recent,
possibly unstable, hearing loss, when the audiologist makes this deter-
mination.

The pure-tone audiogram is useful for predicting speech recognition
performance at average conversational speech levels (60-70 dB SPL) in
quiet. It is an independent measure of hearing sensitivity, regardless of
an individual’s use of amplification. Pure-tone threshold testing can be
completed successfully regardless of an individual’s native language (as-
suming that test instructions are given appropriately); thus it is free of
possible language barriers that can impede performance on speech rec-
ognition measures. An individual’s performance on a standard pure-
tone threshold test may also indicate signs of feigning a hearing loss or
exaggerating a true hearing loss.

Pure-tone thresholds are measured with high test-retest reliability in
cooperative adults (Carhart and Jerger, 1959). The 95 percent confidence
interval for a measurement of pure-tone threshold is about = 5 dB (Brown,
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1948; Robinson, 1960). Because audiometric thresholds vary over about
100 dB, the confidence interval is about 10 percent of this range. Thus,
pure-tone audiometry has been considered a relatively reliable test. Its
validity has been tested by many studies comparing average pure-tone
thresholds (most often for 500, 1000, and 2000 Hz, referred to in this
report as PTA 512) to self-report using a variety of questionnaires that
assessed hearing difficulties in everyday life (reviewed by Hardick,
Melnick, Hawes et al., 1980; King, Coles, Lutman, and Robinson, 1992).
Correlation coefficients typically ranged from 0.5 to 0.7, representing a
moderately strong relationship between pure-tone thresholds and self-
report. The pure-tone audiogram has been the standard test procedure for
disability determination in the past. As a consequence, a comparison can
be made between previous hearing test results and current test results, to
determine if there has been a significant change in hearing sensitivity
over time.

As described earlier, the committee decided to recommend no change
in the medical listing criteria for pure-tone audiometry: 90 dB for PTA
512. We debated not only the “cutoff” of 90 dB but also the choice of PTA
512. It is clear that people with hearing loss limited to frequencies above
2000 Hz have more trouble in difficult listening situations, such as identi-
fying isolated words in a noisy background without being able to see the
speaker, than do normal listeners (e.g., Suter, 1985). Because of this, the
American Medical Association and most state workers” compensation
programs use PTA 5123 (adding 3000 Hz) as the variable on which “bin-
aural hearing impairment” and monetary compensation are based. For
the same reason, in Chapter 7 we recommend that disability for children,
which begins in the mild range of hearing loss, should also consider fre-
quencies above 2000 Hz. Nevertheless, we recommend that SSA retain the
use of PTA 512 for adult disability determination for several reasons:

1. As is true for the 90 dB cutoff, there are no data to show that any
other pure-tone audiometric variable would perform better in predicting
an inability to work.

2. Frequencies above 2000 Hz appear to be less important for people
with severe to profound hearing loss than for people with mild hearing
loss (Webster, 1964). The Step 3 medical listings currently are applied at
the boundary between severe and profound hearing loss.

3. Most research describing the problems and auditory performance
of people with severe or profound hearing loss has used PTA 512 as the
relevant classifying variable (e.g., Blanchfield et al., 2001; Corthals, Vinck,
De Vel, and Van Cauwenberge, 1997; Flynn, Dowell, and Clark, 1998). We
know of no study showing that another frequency combination correlates
better than PTA 512 with the hearing difficulties of such people.
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4. The demonstration that frequencies above 2000 Hz can make a
difference in difficult situations cannot be extrapolated to a conclusion
that they are as important as lower frequencies across the range of listen-
ing situations in everyday life. The research cited above does not demon-
strate that any other frequency combination generally correlates better
than PTA 512 with self-reported hearing problems. One reason for this
finding may be that many everyday listening situations permit the use of
vision; visual cues are complementary to low-frequency auditory cues
and somewhat redundant with high-frequency cues. Another reason is
that many everyday conversations take place in relatively quiet places
and involve sentences rather than isolated words; both of these factors
reduce the relative importance of high-frequency auditory cues.

There are many cases in which hearing sensitivity changes over time,
especially cases of presbycusis, recent ototoxicity, and continuing noise
exposure. In order to present a consistent report of findings to SSA, it is
strongly recommended that the time interval between the audiometric
assessment and the otological evaluation be 6 months or less. However,
this may not always be reasonable in certain health care settings. If the
audiogram is more than 6 months old and the claimant does not meet the
listings, SSA may request a new audiogram.

Rationale and Procedures for Speech Threshold Testing

A speech threshold is a required measure in the test battery for the
primary purpose of cross-checking the validity of the pure-tone audio-
gram and indicating the person’s ability to detect and recognize speech.
The standard procedure is to measure a speech recognition threshold
(SRT) using recorded spondees and a descending procedure (American
Speech-Language-Hearing Association, 1988). A checklist item should be
completed to indicate that standard test stimuli were used for assessing
the speech threshold.

CHECKLIST ITEM 6: Did the audiologist obtain a speech recog-
nition threshold with spondees?

The SRT should agree within = 6 dB with the three-frequency PTA
(500, 1000, 2000 Hz) (Wilson and Strouse, 1999) or with the Fletcher
average (average of two best thresholds obtained between 500 and 2000
Hz) in cases of audiograms for which the threshold at 2000 Hz differs
from the threshold at 500 Hz by 20 dB or more (Fletcher, 1950). In the
event that an individual cannot repeat the spondee words at supra-
threshold levels, a speech detection threshold (SDT) should be measured.
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In listeners who can perform both measures, the SDT is obtained at
levels that are 8-12 dB better (lower) than the SRT because the SDT re-
quires simple detection while the SRT requires detection and recognition.
Because the SDT is obtained at relatively low levels, the SDT is expected
to be better than the PTA by 2 to 18 dB. However, because detection
thresholds are measured in both the SDT and pure-tone thresholds, the
SDT generally corresponds to the best pure-tone threshold (Campbell,
1998). The audiogram forms should indicate the procedure, SRT or SDT,
that was used in the assessment.

Consistency between the speech threshold and the pure-tone thresh-
olds indicates that the audiogram is probably valid, and that should be
noted on the following checklist item. In evaluating the validity of the
hearing test results, the audiologist also should consider the claimant’s
communication skills during the case history and the overall consistency
of speech recognition performance, in relation to the pure-tone audio-
gram. If the test isn’t valid, it should be repeated and, if still invalid, the
patient should be tested using auditory evoked potentials.

CHECKLIST ITEM 7: Did the evaluation yield information indi-
cating that the test results appear to be valid? (Judgment based
on PTA-SRT agreement, communication skills during the case
history, and interlist consistency of speech recognition perfor-
mance.)

If a claimant is not a native speaker of English, a recommended modi-
fication of the standard procedure for measuring SRT is to present digit
pairs in place of spondee words. If the claimant is unable to identify these
items with a verbal or a pointing response, then a SDT should be assessed.

Criteria for Selecting a Speech Recognition Test
for Disability Determination

The ability to understand conversational speech in quiet and in noise
is essential to communication in a range of work settings. For SSA disabil-
ity determination, it is important to assess speech recognition performance
in quiet to predict the extent to which an individual can receive instruc-
tions and communicate orally with coworkers, clients, patients, supervi-
sors, and students in quiet listening environments. Because many work
environments have noise backgrounds, assessment of speech understand-
ing performance in simulated noise conditions is also important to pre-
dict the communication function of workers in these typical situations.
The preferred procedure for assessing speech recognition for disability
determination would be one that replicates a typical communication in-
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teraction in the workplace, including the type of communication mes-
sage, the sex of the talker, the sound pressure level of the speech signal,
the acoustic characteristics of the environment (presence of noise, S/N
ratio, presence of reverberation, and reverberation time), and the ability
to see the speaker’s face. The closer the correspondence between the
stimuli and procedures of the speech recognition test and communication
in the workplace, the better the clinical test ought to predict performance
in the workplace. Conversely, the more the test conditions simulate the
claimant’s specific job, the less standard the testing will be across claim-
ants. This could result in a problem of perceived fairness.

The ideal assessment to determine an individual’s disability in the
workplace would be to conduct a task analysis of the communication
demands placed on the worker, determine job-specific phrases in that
work setting, assess typical background noise levels and speech levels
experienced by the worker in the field, and attempt to closely approxi-
mate the work setting in the clinical audiometric assessment of the indi-
vidual. Although this approach is expensive, it is at the very heart of the
process of identifying actual disability on an individual basis. SSA should
consider developing strategies to facilitate this type of work-related dis-
ability assessment for hearing impairment. Nevertheless, at the present
time there is a gap in knowledge about the relationship between the com-
munication performance of workers in real-world communication set-
tings and speech recognition performance on current clinical procedures,
and data are urgently needed to examine this relationship. Until evidence
is available establishing a close link between clinical tests and actual per-
formance in the workplace, SSA must rely on a set of commonsense prin-
ciples to use in recommending appropriate tests for evaluation. To that
end, the committee developed a set of specific criteria to use in selecting
clinical speech recognition tests for disability determination at the present
time. These specific criteria are in addition to those described above in the
section on criteria for selecting tests for disability determination.

A basic principle is that a speech recognition test is a specific record-
ing of test materials. A speech recognition test without recorded materials
is unacceptable for disability determination for adults. In addition, if more
than one recording of a set of speech materials is available, only the re-
corded version that conforms to the specified requirements may be used
in the evaluation.

The first criterion in selecting a speech recognition test is that norma-
tive data must be available for the recorded test conducted both in quiet
and in noise. The rationale for this requirement is that use of the same
measure for testing in quiet and in noise permits a direct assessment of
the impact of the noise environment on communication.

A second criterion for the speech recognition test is that normative
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data must be available for the speech signals presented at SPLs represent-
ing typical speech levels encountered in communication. Specifically, nor-
mative data must be available for a typical speech level of 60-70 dB SPL in
the sound field (or equivalent level in dB HL), which is within the range
of everyday conversational speech levels.

A third criterion for the speech recognition test is that normative data
must be available for background noise presented at typical S/N ratios
encountered in daily communication. A single S/N ratio representative
of work settings is difficult to quantify, as noted above. An alternative to
testing performance at one “average” S/N ratio is to evaluate perfor-
mance at two S/N ratios that represent a moderate noise level and a more
challenging noise level, such as +10 dB and 0 dB, respectively. A moder-
ate S/N ratio is observed in many acoustic environments in which com-
munication takes place with a slight noise background; the more severe
S/N ratio represents only the most challenging communication situa-
tions. The more severe S/N ratio (0 dB) may be important for predicting
communication performance in hearing-critical jobs known to have high
noise levels.

Extrapolation of data published by Wilson et al. (1990) indicates that
people with normal hearing score approximately 87 percent correct (stan-
dard deviation approximately 3.8-5.0 percent) at the more favorable S/N
ratio condition of +10 dB. People with normal hearing score approxi-
mately 63 percent correct (standard deviation = 8 percent) in the more
severe S/N ratio condition of 0 dB, on the VA compact disc version of the
VA-NU6 with a single competing talker (Wilson et al., 1990). The commit-
tee recommends that this kind of additional testing in noise should be
conducted for all claimants and should be included to provide data for
expert opinion in Steps 4 and 5. Determination of significant difficulty in
noise should be made after consideration of normal listeners’ performance
in noise, which, as noted above, is often less than optimal.

At the present time, there is only one speech recognition test that
meets these three basic criteria: the VA compact disc (versions 1.0 and 1.1)
of the NUBS6 test (Tillman and Carhart, 1966), as described in the normative
studies by Wilson et al. (1990) and Stoppenbach et al. (1999) (henceforth
referred to as VA-NU6).! While some limitations are noted with this test,
particularly the use of monosyllabic words and only four equivalent lists,
it is the only test for which normative data are available in quiet and in
competition at typical S/N ratios. This version of the NU6 is the only test

IThe web site www.va.gov/621quillen/clinics/asp/products contains details and order-
ing information about the test. We recommend that SSA work with the VA to acquire a
license for the test and to develop a mechanism for mass distribution of this material to
audiologists conducting assessments for disability determination.
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identified by the committee that meets the recommended criteria for SSA
disability determination. It should be noted that the calibration tone for
the VA-NUG test reflects the peaks of the carrier phrase. Thus, the root-
mean-square (RMS) level of each test word is slightly lower than that of
the calibration tone.

The “competition” or “noise” in this test consists of sentences spoken
by a single talker. The single-talker competition was chosen rather than a
broadband noise competition because for this version of the VA-NUS test,
the mean speech recognition performance levels of listeners with normal
hearing are within the range 50-90 percent correct, over the S/N ratios of
interest. Specifically, listeners with normal hearing exhibited mean speech
recognition scores of approximately 87 percent and 63 percent at +10 dB
and 0 dB S/N ratios, respectively, for the single-talker competition, but
only 47 percent and 8 percent, respectively, for the broadband noise com-
petition. There was a concern that measuring the performance of listeners
with hearing impairment in the broadband noise competition at typical
S/N ratios where listeners with normal hearing score so low would al-
ways result in floor effects. More importantly, using a single-talker masker
gives the potential to identify listeners with hearing loss who are espe-
cially disadvantaged by background noise situations that are very little
trouble to many other listeners. These are the individuals who may score
considerably above 40 percent in quiet but less than 40 percent in noise at
the +10 dB S/N ratio. This is because they are not able to take full advan-
tage of the periodic dips in the level of the masker. The purpose for testing
in noise is to identify persons for whom working in a noisy situation is
worse than one might ordinarily predict. The committee determined that
a single-noise masker is a good choice for that task.

The recommended protocol includes presentation of two 50-item lists
of VA-NUG for testing in quiet. Percentage-correct scores should be de-
rived for each of these 50-item lists and compared. In addition, a compos-
ite score based on all 100 items should be derived if the two 50-item
scores are within the maximum acceptable test-retest differences, as
shown in Table 4-1. This table was constructed using Thornton and
Raffin’s data (1978, p. 515) (n-50 column) showing maximum acceptable
differences (p > .05) between the two 50-word scores. Comparing the two
50-word scores permits the audiologist to determine whether or not the
difference between the two test scores is within the expected normal
variability. If the intertest difference exceeds the table entries, the test
should be considered invalid. For example, if the lower score obtained
for the two tests is 20 percent, then the higher score should be 36 percent
or less for the two scores to be considered valid. In addition, the com-
bined 100-word score has better reliability than a 50-word score. For
example, the 95 percent confidence interval for a score of 40 percent on a
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TABLE 4-1 Maximum Acceptable Test-Retest
Differences for 50-Word Test Scores

Then the difference

If the lower score is: should be no greater than:
0 percent 4 percent
2 8

4 10

6 12

8 to 12 14

14 to 20 16

22 to 60 18

62 to 70 16

72 to 78 14

80 to 82 12

84 to 86 10

88 to 90 8

92 6

94 to 96 4

98 2

SOURCE: Based on Thornton and Raffin (1978, Table 4, p. 515).

50-word list is 26 to 58 percent, but for a 100-word score, the 95 percent
confidence interval is narrower, 30 to 50 percent.

The recommended protocol also involves presentation of one 50-item
list of the VA-NUG6 test in competing message (single-talker competition)
at +10 dB S/N ratio and one 50-item list in competition at 0 dB S/N ratio.
The level of the speech signal is constant at 70 dB SPL. The nominal 70 dB
SPL for the VA-NUG test is actually a frequent-peak level. The long-term
RMS level is closer to 65 dB SPL, comparable to the long-term RMS level
of conversational speech. All speech recognition testing is conducted in
the sound field with speech and competition presented through a single
loudspeaker located at 0° azimuth at a distance of 1 meter from the lis-
tener. Stimuli presented in the sound field should be calibrated according
to methods specified in ANSI S3.6 (American National Standards Institute,
1996). Additional issues regarding sound field measurements, including
equipment specifications, the environment, and control of extraneous
variables, can be found in American Speech-Language-Hearing Associa-
tion (1991b).

Other tests may be developed or modified to meet the criteria listed
above, and indeed this is encouraged, especially for tests that use every-
day sentences or job-related phrases. There is some concern, however,
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that other tests will not yield equivalent scores to the VA-NUS6, and re-
sults obtained with these tests will be difficult to interpret in relation to
cutoff values established for VA-NUS6. To be acceptable for use in disabil-
ity determination, other tests must undergo rigorous standardization pro-
cedures. These standardization procedures include demonstrating the
equivalence of scores on the new test relative to the VA-NUG6 version for
standard presentation levels and noise levels with the same group of
listeners, the equivalence of scores on different lists of the new test, the
content validity, and the test-retest reliability of the new test.

In addition to these requirements for any new test, there are preferred
characteristics for tests to be developed. These characteristics include
stimuli that reflect everyday speech, recorded versions that are standard-
ized on listeners with normal hearing and with hearing loss, recordings in
the most common non-English languages spoken in the United States that
are standardized on native speakers of those languages, evidence of reli-
able scores, availability of numerous equivalent lists, procedures that
minimize the influence of cognitive factors, a reasonable administration
time, and known psychometric properties (i.e., performance-intensity
functions). It would also be valuable for test developers to derive the
frequency importance function, which indicates the relative importance
of individual spectral regions for a particular set of speech materials, to
improve the accuracy of articulation index (AI)/speech intelligibility index
(SII) calculations, as well as the transfer function for the new speech mate-
rial, which is a function relating the speech intelligibility score to the SII
(American National Standards Institute, 2002¢). The transfer function will
depend on the syntactic, semantic, linguistic, and contextual information
being transmitted, as well as the characteristics of the talkers and listen-
ers; it will be useful for comparing expected performance on the new test
to expected performance on other available speech recognition tests.

Many promising tests are currently available but not yet recom-
mended for use in disability determination. One example is the Hearing
in Noise Test (HINT) (Nilsson, Soli, and Sullivan, 1994). A notable advan-
tage of the HINT is that recordings are available in several languages, in
addition to English. This test meets many of the other desired characteris-
tics of a recommended test, but it is not easy to obtain the test without
purchasing additional equipment, the cost is high, and the test was stan-
dardized as a threshold test rather than a suprathreshold test presented at
typical speech levels. The scores on this sentence test that would yield
performance equivalent to scores on the VA-NU6 are not known.

Another attractive test is the QSIN (Etymotic Research, 2001), which
involves presentation of sentence materials at multiple S/N ratios. How-
ever, normative data are not yet available for this test.
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RECOMMENDED PROTOCOL (STEPS 3, 4, AND 5)
AND MEDICAL LISTING FORMULA (STEP 3)

The broad objective of the recommended disability determination for
adults is to identify individuals who are unable to perform on the job
because of the limitations imposed by significant and permanent hearing
loss. The basic premise in determining the criteria is that an individual
who cannot hear speech at a conversational level, or who understands
fewer than 40 percent of isolated words without contextual cues in a
typical listening environment, has a significant hearing disability. The
recommended protocol and cutoffs for disability determination are in-
tended to reduce the likelihood of failing to identify an individual with
hearing loss who cannot function in a particular workplace. The methods
used to accomplish this include evaluating claimants on speech recogni-
tion tests presented in the sound field at conversational speech levels and
retaining the 40 percent cutoff for speech recognition performance in this
condition for the Step 3 medical listing. The testing of claimants with their
own hearing aids or cochlear implants in this condition is expected to
reduce the likelihood of identifying people as disabled who are able to
function well in the workplace with their own devices. In addition, test-
ing in noise is recommended for the basic protocol at two S/N ratios; this
information will be useful for evaluation of a claim in Steps 4 and 5.

There is very little research-based evidence to link performance on
clinical audiometric tests with actual performance in the workplace, and
this is perhaps the most pressing research recommendation for the SSA.
Lacking empirical evidence, the committee relied on its collective exper-
tise to develop a set of linkages between performance on clinical tests
and expected performance on work-related hearing-critical tasks, pre-
sented in Table 4-2. On the basis of this framework, clinical test results
indicating that an individual cannot hear conversational-level speech (as
is the case for a claimant with a severe hearing loss who doesn’t use a
hearing aid), or understands no more than 40 percent of isolated words
in a typical listening environment with minimal contextual cues and no
visual cues, should be interpreted as showing that the claimant has a
significant hearing disability.

The recommended formula does not change the medical listing for
hearing impairment in Step 3. Rather, it changes the procedures for as-
sessment that should significantly impact outcomes in Step 3. The current
SSA formula defines hearing disability for claimants who do not use a
hearing aid or a cochlear implant as a sensorineural hearing loss of 90 dB
HL or worse in the better ear, based on the air conduction PTA of 500,
1000, and 2000 Hz and bone-conduction thresholds at the limits of the test
equipment. A person with these audiometric characteristics cannot detect
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TABLE 4-2 Relationships Between Performance on Audiometric Tests
and Performance on Work-Related Hearing-Critical Tasks

Performance
Test Type Level Expected Performance in the Workplace
Pure tones PTA 512 Unable to hear or understand conversational-level
=90 dB HL speech; may detect amplified sounds only.
Pure tones PTA 512: Unable to hear or understand conversational-level
71-89 dB HL speech; will detect amplified speech; distortion of
amplified speech usually present; hearing loss
sufficient to render the individual a visually
oriented person; may or may not be able to
understand speech with a hearing aid without
visual cues.
NUG6 speech 0-40 percent Very poor word recognition performance in quiet;

test in sound
field at 70 dB
SPL, in quiet

NU6 speech
test in sound
field at 70 dB
SPL with
noise (+10 dB
S/N ratio)

correct

0-40 percent
correct

unable to understand most spoken words without
contextual cues and without visual cues.

Severely limited ability to follow novel
auditory-only words embedded in instructions in
the workplace.

Severely limited ability to understand individual
spoken words using the telephone.

Severely limited ability to understand televised or
videotaped spoken words if speaker is off-camera.

Severely limited ability to understand a lecture if
seated at a distance (unable to see the speaker’s face).

Severely limited ability to follow individual words
in a conversation at a meeting when the talker or
topic is switching.

Very poor word recognition performance in
moderate noise levels.

Severely limited ability to follow individual spoken
words while using the telephone in a typical office
environment (i.e., with moderate noise, such as
background of people talking, office machinery
noise, phones ringing, etc.).

Severe difficulty understanding individual words in
unfamiliar phrases, when there are limited
contextual cues and no visual cues in a typical
office environment (i.e., with moderate noise, such
as background of other people talking, office

machinery noise, phones ringing). )
Continued
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TABLE 4-2 Continued

Performance

Test Type Level Expected Performance in the Workplace
Severe difficulty understanding shouted individual
words with a background of moderate-level
equipment noise.

NUG6 speech 0-40 percent Very poor word recognition performance in high

test in sound  correct noise levels.

field at 70 dB

SPL with Severely limited ability to understand individual

noise (0 dB words in unfamiliar phrases, when there are

S/N ratio) limited contextual cues and no visual cues in

environments with high noise levels.

Severe difficulty understanding shouted individual
words with a background of high-level equipment
noise.

conversational-level speech without amplification and, as a result, has
such limited audibility without a hearing aid or cochlear implant that
they could not converse in most settings without visual cues.

The committee carefully weighed lowering the PTA criterion to 70 dB
HL (severe hearing loss). However, data do not currently exist on em-
ployment trends for individuals with severe hearing losses, and it is diffi-
cult to determine the specificity and sensitivity of a change in the medical
listings. As a result, the committee recommends retaining the medical
listing in Step 3, based on PTA, until additional data are available (see
research recommendations).

An alternative criterion in the recommended hearing disability formula
is a speech recognition score of less than or equal to 40 percent correct, for
speech stimuli presented at an average conversational level (70 dB SPL) in
the sound field at 0° azimuth (directly in front of the listener) in quiet. Two
full lists (50 words each) of the VA-NUS6 test should be presented and a
composite score derived (i.e., percentage correct out of 100 items). Claimants
who wear hearing aids or cochlear implants are tested only in the aided
condition, using their own hearing aids or cochlear implants set to the usual
settings. If the claimant does not own a hearing aid or cochlear implant, he
or she should be tested unaided with both ears uncovered. Individuals who
meet the recommended medical listing for speech recognition are unable to
understand most isolated words in sentences spoken at an average conver-
sational level without visual or contextual cues.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11099.html

ecurity Benefits

TESTING ADULT HEARING: CONCLUSIONS AND RECOMMENDATIONS 127

Although it is true that there are no published reports of standardiza-
tion of the recommended aided testing procedure, there is considerable
published research supporting the use of monosyllabic word tests pre-
sented in the sound field at an average conversational level. For example,
Larson et al. (2000) evaluated 360 individuals with moderate hearing im-
pairment using NU6 words presented in the sound field in quiet at a
conversational speech level in unaided and aided conditions. Mean un-
aided performance was approximately 58 percent correct and mean aided
performance was approximately 88 percent correct. Similarly, Flynn et al.
(1998) used a comparable procedure for assessing aided performance in
individuals with severe and profound hearing losses. A number of stud-
ies have also assessed the performance of cochlear implant users with
NU6 words presented in the sound field at average conversational levels
(Fishman, Shannon, and Slattery, 1997; Tyler, Fryauf-Bertchy, Gantz,
Kelsay, and Woodworth, 1997) or with other similar monosyllabic word
recognition tests (e.g., Skinner et al., 2002). Thus it appears that use of the
recommended test procedures is common practice for evaluating listener
performance with hearing aids or cochlear implants, and that aided per-
formance with these devices often demonstrates improvement over un-
aided performance.

The criteria above apply to the use of recorded, standardized speech
materials, such as the VA-NUG6 test (Wilson et al., 1990). Other speech
recognition tests may be used in place of the VA-NUS6, but the cutoff score
for the disability criterion must be adjusted to the 40 percent equivalent
score of the VA-NUS, delivered at a speech presentation level of 70 dB
SPL in quiet. The equivalent scores must be established in the same sub-
jects in a research study and must appear in a peer-reviewed publication
prior to adoption for SSA disability determination.

The committee recommends that the standard audiometric protocol
should include speech recognition testing in noise. As in the quiet situa-
tion, claimants should be tested with their own hearing aids or cochlear
implants, adjusted to the usual settings, or unaided if the claimant does
not use a hearing aid or cochlear implant. The recommended test is the
VA-NUG test presented at a speech level of 70 dB SPL with a single com-
peting talker at two S/N ratios: +10 and 0 dB. A single, full (50-item) list is
sufficient for each of these conditions. Both the speech and the noise
(competing talker) should be presented through a single loudspeaker in
the sound field, located at 0°azimuth. The +10 dB S/N ratio is intended to
capture the acoustic characteristics of typical, moderate noise environ-
ments, whereas the 0 dB S/N ratio simulates work settings characterized
by high noise levels. High noise levels are found in industrial settings
with heavy machinery, on the runway at airports, inside the cab of trucks,
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at construction sites, inside homes and offices during cleaning with ma-
chinery, and in restaurants and bars, among others.

The selection of a single-talker competition in the evaluation protocol
is somewhat of a compromise. The committee sought to include a speech
recognition test in noise in the SSA disability determination process that
conformed to the criteria stipulated above. As noted, there was only one
recorded, standardized speech recognition test at the time of this writing
that satisfied these criteria: VA-NUG6. Although this recording of VA-NU6
words has been standardized with both a single-talker competition and a
broadband noise competition, the performance of normal-hearing listen-
ers in the broadband noise competition was extremely limited, suggesting
that this noise would not be practical for testing listeners with hearing
impairment.

Nevertheless, the committee recognizes that there are some limita-
tions inherent in the use of a single competing talker. The level of the
single-talker masker will vary with time; the level will decrease during
the pauses between words and during the lower level parts of speech.
Speech recognition scores with a single-talker masker will generally be
higher than with a steady-state masker, because listeners can take advan-
tage of the momentary improvements in S/N ratio that occur during the
dips in the noise level. However, listeners with hearing loss may not be
able to take advantage of these dips as well as listeners with normal
hearing for various reasons.

A second issue relates to “informational masking” or the nonenergetic
masking that occurs due to the perceptual similarity between the signal
and the masker. Steady-state noise creates a direct covering of the target
signal through energetic masking, but a background noise consisting of
talkers creates informational masking in addition to the energetic mask-
ing. Thus, some of the advantage of the single-talker masker that results
from improved S/N ratios during the dips may be minimized due to
informational masking. This discussion underscores the need for addi-
tional research aimed at developing speech tests in noise using back-
ground noises that simulate different listening environments consisting
of talkers or steady-state noise or both, and typical S/N ratios (see Re-
search Recommendation 4-2).

When claimants are tested in the more severe noise condition (S5/N
ratio = 0 dB), their performance should be compared with normative data
collected under the same test conditions. It is suggested that a criterion for
disability in this condition should be at least two standard deviations
below mean normal performance, and it is at the discretion of the expert
providing an opinion in Steps 4 and 5.

If the claimant doesn’t speak English, he or she should be tested in the
native language using the SSA-recommended test or an equivalent test, if
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available. If an acceptable speech recognition test is not available in the
claimant’s native language, then a determination of disability will be made
exclusively on the basis of the pure-tone threshold results. This could be
perceived as unfair to persons who do not speak English well, since they
would lose the chance to qualify on the basis of reduced speech recogni-
tion. According to the U.S. Census Bureau (2003) approximately 18 per-
cent of the U.S. population speaks a language other than English in the
home. Communication in some work environments also takes place in
languages other than English. Thus, a priority for research is the develop-
ment and validation of speech recognition tests in the most common
languages other than English spoken in the United States that produce
performance scores that are equivalent to those obtained on tests stan-
dardized in English. Individuals who cannot be tested reliably with
standard behavioral techniques for pure-tone threshold assessment
should be tested with auditory evoked potentials.

If an adult claimant wears a hearing aid or a cochlear implant, this
must be noted on the checklist. Any claimant who wears a hearing aid
must be evaluated in the unaided mode on the pure-tone threshold test
and speech threshold test (described above) in addition to aided condi-
tions for speech recognition testing (detailed below). Similarly, a claimant
who wears a cochlear implant must be evaluated under earphones with-
out the device, for the pure-tone threshold test and speech threshold test,
and while wearing the device for the speech recognition tests.

CHECKLIST ITEM 8: Does the claimant wear a hearing aid, co-
chlear implant, or other device?

CHECKLIST ITEM 9: If yes, was the claimant using the hearing
aid, cochlear implant, or other device during the speech recogni-
tion test?

In this case, the audiologist must determine how long the individual
has used this device, the daily use of the device (hours/day), and if the
individual has had a sufficient adjustment period to the device. The rec-
ommended adjustment period is at least 3 months for a hearing aid and
6 months for a cochlear implant. The audiologist also must measure the
electroacoustic characteristics of the hearing aid following prevailing
ANSI standards (American National Standards Institute, 2002c, 2002d,
2003b, or updated versions) and determine if the hearing aid is a reason-
ably optimal amplification system for this individual, in relation to the
pure-tone thresholds and amplification targets derived from a hearing
aid prescription. If the examining audiologist determines that the hear-
ing aid is not a reasonably optimal fit for the claimant, it should be noted
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in Checklist Item 11. The audiologist should not alter the device, but
should proceed to aided testing with the hearing aid set to the claimant’s
usual settings. However, the claimant should be encouraged to have the
hearing aid adjusted by the fitting audiologist or the examining audiolo-
gist, and return for additional testing after a suitable period of adjust-
ment. We strongly recommend that claimants who wear cochlear im-
plants be evaluated at a center that programs cochlear implant devices
and manages cochlear implant patients, to ensure that the cochlear im-
plant map is appropriate for the patient at the time of the evaluation. If
the claimant is tested at a cochlear implant center, then the audiologist
should assess their map (t-levels and c-levels) and determine if the co-
chlear implant is operating adequately for this individual. If the evalua-
tion does not take place at a cochlear implant center, then the audiologist
should not make any adjustments to the device but should proceed to
behavioral measures in the sound field. Several aided behavioral tests
are recommended, in addition to those specified in the standard proto-
col, to ensure that the device is a reasonable fit for the claimant. These
behavioral measures must be conducted with the hearing aid or cochlear
implant adjusted to the claimant’s usual settings.

The additional testing with the claimant’s own device(s) consists of
measures of signal detection in the sound field. Detection thresholds in
the sound field are assessed differently with the two types of devices
(hearing aids and cochlear implants), in accordance with current stan-
dards of care, although speech recognition measures are assessed identi-
cally. Behavioral measures obtained in the sound field for cochlear im-
plant users include thresholds for frequency-modulated (warble-tone)
stimuli and speech recognition scores in quiet and noise using the same
stimuli and noises as recommended for unaided testing. A cochlear im-
plant generally is considered to be working correctly if the electric thresh-
olds to FM stimuli are 35-45 dB HL (assuming that electrode impedances
are low and balanced and the battery is charged).

Sound field measures for hearing aid users are speech recognition
thresholds and speech recognition scores in quiet and in noise. The rec-
ommended loudspeaker arrangement for sound field testing is for both
target speech and background noise to be presented at 0° azimuth, to
accommodate variations in monaural or binaural devices. Based on the
behavioral and electroacoustic measures, the audiologist should complete
checklist questions pertaining to the use and adequacy of the hearing aid
or cochlear implant.

If a claimant does not use a hearing aid or a cochlear implant, he or
she is tested in the unaided condition only. In some cases, the individual
claimant will not wear a hearing aid or cochlear implant and the audiolo-
gist may determine that he or she can benefit from a hearing aid. Such a
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person should be encouraged to obtain an appropriate device through the
state department of vocational rehabilitation or through Medicaid, be-
cause the expense of a suitable hearing aid or cochlear implant may far
exceed the resources of the claimant. If the claimant is able to obtain a
suitable hearing aid or cochlear implant, then he or she should be retested
for disability determination after receiving the device and having a suffi-
cient opportunity to adjust to it. We recommend that the claimant be fully
eligible to receive disability support on the basis of unaided testing until
they receive and adjust to their hearing aid or cochlear implant.

CHECKLIST ITEM 10: Has the claimant been using a hearing
aid or cochlear implant for a sufficient duration to derive maximum
benefit from it (3 months for a hearing aid and 6 months for a
cochlear implant)?

CHECKLIST ITEM 11: Answer both (a) and (b), based on your
professional opinion:

(a) Has the claimant been tested with a reasonably optimal ampli-
fication system or cochlear implant?

(b) Is this person a candidate for either a hearing aid or a cochlear
implant at this time?

For aided evaluation, the speech recognition criteria for disability
determination are the same as those recommended for unaided assess-
ment. Specifically, if an individual demonstrates aided performance that
is 40 percent correct or poorer in quiet, then he or she qualifies for disabil-
ity. If an individual does not qualify for disability on the basis of aided
testing, then the claimant is not awarded benefits at Step 3 (based on
meeting the medical listings), although evidence considered at Steps 4
and 5 may result in the awarding of benefits.

Some work environments are characterized by high noise levels. The
Occupational Safety and Health Administration regulations require work-
ers to use hearing protection if they work in environments with noise
levels exceeding 90 dBA for an 8-hour day, to reduce the traumatic effects
of noise on hearing. However, the requirement to wear hearing protection
can make it more difficult for people with sensorineural hearing loss to
function on the job. Knowledge about employment in industrial settings
with high noise levels and the communication demands in the workplace
may be useful for disability examiners and vocational experts in formu-
lating disability decisions in Steps 4 and 5. The need to use hearing pro-
tection can make the work environment even more difficult for a worker
who would benefit from hearing aids in other settings, and might affect
the claimant’s ability to perform a particular job.
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CHECKLIST ITEM 12: Is the claimant required to use hearing
protection on the job?

Table 4-3 presents a nonexhaustive set of descriptors of auditory tasks
that may be encountered in the workplace. The current set of recommen-
dations addresses many of these auditory tasks, but not all of them. Table
entries include identification of those tasks addressed in the current pro-
tocol and formula, as well as those not addressed. The hearing-related
tasks in the workplace that have not been addressed are those that should
be evaluated in future research aimed at identifying the importance of
these tasks in the workplace, as well as developing tests to measure per-
formance on these tasks.

TABLE 4-3 Dimensions and Difficulty of Auditory Tasks in the
Workplace in Relation to Clinical Tests Measured in the Standard
Audiometric Protocol

Dimension Easy Addressed? Difficult Addressed?
Talker Familiar No Unfamiliar Yes
familiarity talkers talkers
Phrase Familiar No Novel phrases Yes (assumed)
familiarity job-related

phrases
Talker gender  Adult male No Adult female Yes
Speech level Maximum level No Conversational-  Yes

for highest score level speech

(PB-max)
Background Quiet Yes Noise Yes
noise
Type of noise ~ Modulated Yes Steady-state No
Energetic vs. Energetic No Informational Yes
informational =~ masking (no masking
masking noise  speech content) (speech content)
Number of Single talker Yes Multiple talkers  No
background
talkers
Signal-to-noise Favorable Yes Challenging Yes
ratio (+10 dB) (0 dB)

Continued
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TABLE 4-3 Continued
Dimension Easy Addressed? Difficult Addressed?
Spatial Large spatial No No spatial Yes
separation separation separation
between target
signal and
background
noise or speech
Visual cues Visual cues No Auditory cues Yes
(in addition to only
auditory cues)
Number of One Yes Multiple talkers, No
talkers switching
Location of Fixed Yes Variable No
talkers
Reverberation  Short Yes Long (1.0 secor No
(< .2 sec RT) more RT)
Task duration  Brief Yes Long (> 30 min) No
Signal quality =~ Excellent Yes Distorted (public No
address systems)
Language Native English  Yes Nonnative Yes
familiarity English
Use of Test with Yes Test without Yes
hearing aid hearing aid hearing aid
Use of cochlear Test with Yes Test without No (no
implant cochlear implant cochlear implant measurable
performance)
Signal detection Yes
Discrimination of No
sound change
Localization No

STEP-BY-STEP PROTOCOL

Action Recommendation 4-6. Presented below is a step-by-step out-
line of the recommended protocol. Table 4-4 summarizes the criteria for
disability based on performance on pure-tone audiometry and speech
recognition tests. Box 4-1 (p. 114) presents a listing of all items required on
the checklist, to be included with the results of audiometric testing.
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TABLE 4-4 Summary of Criteria for Hearing Disability

Unaided Testing
(for person who does not

wear a hearing aid or Testing with Hearing
Test Procedure cochlear implant) Aid or Cochlear Implant
Pure tones PTA 512 = 90 dB HL in Not applicable

better ear and bone
conduction at limits of
equipment, OR

Speech recognition in quiet = 40 percent at 70 dB SPL = 40 percent at 70
in sound field dB SPL in sound field

Protocol for Person Who Doesn’t Use a
Hearing Aid or Cochlear Implant

Audiologist:

1. Assess pure-tone thresholds for each ear separately by air conduction
under earphones and by bone conduction. Calculate PTA based on air
conduction thresholds at 500, 1000, and 2000 Hz.2 Assess SRTs for each
ear separately under earphones. Conduct tympanometry and measure
acoustic reflex thresholds.

2. Assess speech recognition performance for two full 50-item lists of
monosyllabic words presented at 70 dB SPL in the sound field at 0° azi-
muth in quiet (speech recognition test: VA-NU6 recording or other equiva-
lent tests approved by SSA subsequent to this report). Testing is binaural
with ears uncovered. Calculate and report percentage-correct scores for
each list individually and for the two lists combined. If the score in quiet
is 0 percent correct, it is not necessary to continue testing in noise (Step 3).

3. Assess speech recognition performance for one full 50-item list of
monosyllabic words (VA-NU6) presented at 70 dB SPL in the sound field
in competing message (single competing talker), at +10 dB S/N ratio.
Both speech and noise are to be presented from a single loudspeaker
located at 0° azimuth. Subsequently, assess speech recognition perfor-

2If for any frequency the measured threshold is greater than 110 dB or if there is no
response at the limit of the audiometer, a threshold value of 110 dB should be used for
calculating the PTA.
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mance for one full 50-item list of monosyllabic words (VA-NU6) pre-
sented at 70 dB SPL in the sound field in competing message (single
competing talker) at 0 dB S/N ratio. Both speech and noise are presented
from a single loudspeaker located at 0° azimuth.

Social Security Administration:

4. Determine if claimant qualifies on basis of medical listing:

Is PTA in the better ear = 90 dB HL and bone conduction at the limits of
the equipment? If yes — qualifies.

or
Is speech recognition performance in quiet = 40 percent correct?
If yes — qualifies.

If claim is denied based on Step 3 medical listing, go to Steps 4 and 5
and review speech recognition performance in noise, in relation to work-
place environment.

Protocol for Person Using a Hearing Aid or Cochlear Implant

Audiologist:

1. Conduct unaided testing, as above (pure tones for each ear separately
by air conduction and SRTs for each ear separately under earphones, pure
tones for bone conduction, tympanometry, acoustic reflex thresholds).

2. Evaluate the electroacoustic characteristics of the hearing aid, the map
of the cochlear implant, and aided/electric sound field thresholds for
appropriate stimuli.

3. Assess speech recognition performance for two full 50-item lists of
monosyllabic words (total = 100 words) presented in the sound field in
quiet at 0° azimuth, while claimant wears the hearing aid or cochlear
implant, with the device adjusted to the user’s normal settings. Testing is
binaural with unaided ear uncovered. The speech presentation level is
70 dB SPL. Determine and report percentage-correct recognition perfor-
mance for each list separately and for the two lists combined (speech
recognition test: VA-NUG6 recording or equivalent). If claimant scores 0
percent, it is not necessary to continue testing in noise.

4. Assess speech recognition performance in noise (single competing
talker or other noise used with additional speech recognition tests ap-
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proved by SSA subsequent to this report), with speech presented at 70 dB
SPL and S/N ratio = +10 and 0 dB through a single loudspeaker located at
0° azimuth, while claimant wears the hearing aid or cochlear implant,
with the device adjusted to the user’s normal settings. Testing is binaural
(if there is an unaided ear, it should be uncovered). Determine percentage
correct (speech recognition test is 50-item list of VA-NUG6 recording or
equivalent, using a different list in each condition from those used in 3
above).

Social Security Administration:

5. Determine if claimant qualifies for disability.

If claimant scores = 40 percent correct on speech recognition test in
quiet — qualifies. If claimant doesn’t qualify, use data collected in noise
for Steps 4 and 5 disability determination.

ADVICE AND RECOMMENDATIONS FOR STEPS 4 AND 5

Action Recommendation 4-7. The current protocol includes evalua-
tion of speech recognition performance in noise, in addition to the exist-
ing tests of speech recognition performance in quiet and pure-tone hear-
ing sensitivity, with the goal of assisting SSA officers in evaluating claims
in Steps 4 and 5. The committee recommends that SSA should examine
the claimant’s speech communication tasks on the job, in relation to per-
formance on these audiological measures. The claimant should provide
information about the communication and hearing requirements on their
job. For example, the following communication requirements should be
determined:

1. Does the claimant work in a job in which there is auditory or speech
communication, and in what language?

2. Do most oral communication interactions occur in a quiet environ-
ment?

3. Does the job require two-way speech communication on the tele-
phone?

4. Is oral communication in a moderately noisy environment (e.g., an
office with coworkers talking)?

5. Is oral communication in a highly noisy environment (e.g., a fac-
tory or a restaurant)?

6. Is oral communication critical for life-threatening conditions in
high noise levels (e.g., in firefighting or during a police action)?

7. Are hearing protection devices required in the work environment?
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The specific communication requirements on the job should then be
linked to the auditory skills that the individual possesses by examining
Table 4-2.

RECOMMENDATIONS FOR NEEDED RESEARCH

The review of procedures and materials for assessing speech recogni-
tion underscores the need for additional research in a number of topic
areas, particularly for purposes of developing speech recognition tests
that predict functional hearing ability in the workplace. The committee
recommends that SSA collaborate with other agencies, such as the Na-
tional Institutes of Health and the U.S. Department of Education, to sup-
port a number of research objectives in this area. The first set of research
recommendations presented below identifies those with the highest pri-
ority according to the committee.

Research Recommendations with Highest Priority

Research Recommendation 4-1. Develop standardized speech rec-
ognition measures and procedures that correlate with functional hearing
ability in the workplace. Any new speech tests must be validated as pre-
dictors of performance on everyday tasks in the workplace. Validation
may include establishing the relationship between aided and unaided
performance on newly developed standardized speech tests administered
in controlled clinical settings, either to corresponding performance on
everyday communication tasks in the workplace, or to self-report or re-
ports of others (supervisors, family members, coworkers) about oral com-
munication difficulties. This validation step is essential for adoption of
any new speech tests for purposes of disability determination.

Research Recommendation 4-2. Develop sentence materials that per-
mit assessment of performance in both quiet and noise. Tests that quan-
tify performance with a metric that is readily interpreted (e.g., percentage
correct) would be particularly useful. Evaluation of the test properties
with selected background noises that simulate different listening environ-
ments and typical S/N ratios (e.g., Pearsons, Bennett, and Fidell, 1977) is
essential for estimating everyday performance.

Research Recommendation 4-3. Evaluate recognition performance
for speech materials presented at conversational speech levels in the
sound field by a wide range of listeners, including those with varying
degrees of hearing loss and those who use hearing aids and cochlear
implants. These must also be known to quantify the effects of hearing loss
and the use of assistive devices on speech understanding in conditions
that simulate everyday listening.
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Research Recommendation 4-4. Assess basic auditory requirements
of jobs, and how they relate to auditory measures that are available. This
could be done on a job-specific basis, using an occupational taxonomy
like O*Net, or could be based on some set of basic hearing functions.

Research Recommendations with Secondary Priority

Research Recommendation 4-5. Develop speech recognition tests in
the most common languages other than English spoken in the United
States, in order to evaluate nonnative speakers of English in a comprehen-
sive assessment protocol comparable to that used with native speakers of
English. Based on reports by the U.S. Census Bureau, 2003, the most com-
mon languages are Spanish (28 million speakers) and Chinese (2 million
speakers), with French, German, Tagalog, Vietnamese, Korean, Russian,
Polish, and Arabic also spoken by at least half a million residents each.
The psychometric properties (performance-intensity functions, perfor-
mance at varying S/N ratios, etc.) of these tests in a foreign language
must be evaluated, as well as the validity of response formats that can be
scored by audiologists unfamiliar with the test language.

Research Recommendation 4-6. Standardize video-recorded (VCR
or DVD) sentence tests presented in unisensory and bisensory modalities.
These would be particularly valuable to assess the extent to which the
availability of visual cues aids speech reception in everyday listening
situations by individuals with significant hearing loss. Normative evalu-
ation of the psychometric properties of the materials presented in the
unisensory (auditory) and bisensory (auditory + visual) modalities must
be available before such tests could be adopted for use in disability deter-
mination.

Research Recommendation 4-7. Develop and validate methods to
detect and manage exaggeration of speech recognition problems during
administration of the speech tests, including comparison of AI/SII pre-
dictions to the observed score in quiet.

Research Recommendation 4-8. Evaluate the accuracy of the current
Step 3 medical listing for hearing impairment that qualifies for disability.
The committee recommends that SSA collect and analyze longitudinal
data on documented earnings on claimants who fail to win eligibility over
the next several years. (Such data are already available to the SSA.) All
personal identifying information would be masked and the research de-
sign would be approved by the appropriate institutional review board.
People who have no significant earnings from employment could be char-
acterized as “false negatives” and people who have significant earnings
would be “true negatives.” In addition, performance data for those who
are granted benefits or who are medically eligible but do not receive
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benefits could also be tracked. For all claimants, sound field testing should
be performed (with hearing aids if the claimant has them), both in quiet
and in noise, as part of the new recommended protocol. SSA could then
analyze which of the hearing test measures (PTA, speech recognition per-
formance in the sound field for VA-NUS6 presented in quiet, speech recog-
nition performance in the sound field for VA-NUG6 in noise at two S/N
ratios) predicted the outcome (false negative versus true negative). Con-
ceivably, two or more variables could provide independent predictive
power, justifying use of a composite variable in a new medical listing. If
there is just one best predictor, SSA could then find the best new cutoff
score by examining the marginal changes in the FN /TN ratio as the cutoff
is varied.

Research Recommendation 4-9. Develop and validate clinical tests
of localization for purposes of estimating everyday performance in real-
world environments while listeners are unaided or use hearing aids or
cochlear implants.

Research Recommendation 4-10. Develop and validate clinical tests
of auditory discrimination for evaluating the ability to detect small
changes in acoustic signals necessary for hearing-critical jobs.
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Sensory Aids, Devices, and Prostheses

In disability determination for people with hearing loss, how should
the Social Security Administration (SSA) account for the potential ben-
efits that the individual might receive from a sensory aid? In determining
vision-based disability, SSA mandates testing with “best correction,” but
for claimants with hearing loss, currently most SSA guidance directs that
they should be tested without correction. Hearing aids cannot be fitted
like eyeglasses, whereby a quick refraction arrives at a prescription that
provides the “best correction” almost immediately. The process of
achieving the best hearing correction for an individual can be long and
complicated. Prosthetic correction for hearing impairment is often not as
successful as vision correction, leaving the individual with substantial
residual limitations. Many individuals find that the positive benefits of
the prosthesis do not outweigh the negative consequences (such as ear
discomfort, feedback squeal, high cost, and stigma), and they may elect to
continue without correction.

This chapter reviews the variety of devices that typically are used to
ameliorate the effects of hearing loss. Wearable personal devices include
hearing aids and cochlear implants, as well as auditory brainstem im-
plants. In addition, there is a class of ancillary devices called assistive
listening devices (ALDs) that may be used alone or in combination with
hearing aids or implants. The chapter briefly describes the main types of
devices and discusses some of the issues involved in their provision
and use.

140
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HEARING AIDS

Conventional wearable hearing aids are self-contained amplifying
systems. They include a microphone to pick up sound energy, an ampli-
fier to boost the level of the signal, and various filters and other devices
that modify the sound to match it more precisely to the needs of the
impaired listener. In addition, air conduction instruments include a min-
iature loudspeaker (called a receiver) to generate the amplified sound,
which is routed into the ear canal. Bone conduction instruments deliver
energy to the cochlea by vibrating the skull with a small transducer. Fi-
nally, all hearing aids require a power source (battery).

Early hearing aids were worn on the body or carried in a pocket, but
these types are very seldom seen today. Current air conduction hearing
aids are almost all worn at ear level, and there are several different styles.

Behind-the-ear (BTE) models fit snugly over the pinna of the external
ear and deliver sound to the ear canal through a plastic tube and plug
(earmold).

In-the-ear (ITE) models are manufactured with all the components
inside the custom earmold. This type of hearing aid fits into the concha of
the ear.

In-the-canal (ITC) models are smaller ITE versions that fit mostly into
the outer end of the ear canal.

Completely-in-the-canal (CIC) models are the smallest devices and fit
entirely inside the ear canal.

Bone conduction hearing aids are used only when the ear canal is not
able to accommodate or tolerate the insertion of an air conduction device.
Conventional bone conduction devices use a BTE-style case and incorpo-
rate a vibrator that is held against the skull using a spring headband.

Signal Processing in Hearing Aids

At the most basic level, a hearing aid simply increases the loudness of
sounds presented to the impaired ear. Most hearing aids also modify
sounds somewhat to attempt to compensate for specific features of the
individual hearing loss. It is typical to shape the frequency response to
provide more amplification for frequencies for which the hearing loss is
greater: this is called selective amplification. In addition, to accommodate
the reduced range of sound levels available to typical hearing-impaired
listeners, many instruments provide more gain for soft environmental
sounds than they do for louder sounds: this is called wide dynamic range
compression (WDRC) processing. Another important feature in many
modern instruments is the inclusion of a directional microphone that is
able to partially suppress sounds from the back and sides of the wearer in
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some listening environments, on the assumption that sounds from these
directions have less functional importance than sounds from in front.

Some instruments filter the signal into several bands (usually 2-4 but
sometimes more) to shape the frequency response. Others use several
independent channels to make compression processing more precise. Still
others combine both approaches. Much of this processing can be accom-
plished using analog technology or digitally programmable analog (hy-
brid) devices. However, current trends are toward using all-digital pro-
cessing in hearing aids. Digital processing is able to accomplish selective
amplification, compression processing, and directional sensitivity in more
complex and sophisticated ways and with greater flexibility than previ-
ously possible in analog and hybrid devices. In addition, digital process-
ing opens the door for the development of new features, such as noise
management, speech enhancement, and feedback reduction. Most of the
potential advantages of digital processing have not been fully realized at
this time.

Candidacy for Hearing Aids

Hearing aids should not be considered for management of hearing
loss until all treatable otological problems have been addressed. Use of
hearing aids and cochlear implants by children with hearing loss is con-
sidered in Chapter 7.

For adults with hearing loss, hearing aids can be useful when hear-
ing thresholds in the better ear are poorer than about 25 dB HL. In prac-
tice, most adults do not seek amplification until their hearing loss is
sufficient to cause more than occasional problems in daily life. This “low
fence” differs across individuals and is influenced by auditory demands.
However, if hearing loss in the better ear in the mid-frequency region is
worse than about 40 dB, typical adults will experience considerable prob-
lems in everyday communication, especially when ambient noise is
present. About 70 to 80 percent of adults with bilateral hearing loss pre-
fer to wear two hearing aids. The purported advantages of two hearing
aids over one include improved speech recognition in difficult listening
environments, improved localization, reduced head shadow effect, and a
better sense of auditory space. However, it should be noted that substan-
tial benefit can be obtained from a single hearing aid, even in the pres-
ence of bilateral hearing loss (see, e.g., Chung and Stephens, 1986; Kobler,
Rosenhall, and Hansson, 2001).

Adults with severe hearing loss (greater than 70 dB) or worse may
derive limited benefit from hearing aids. Many are candidates for a co-
chlear implant (discussed later in this chapter).

Although current hearing aids have the potential to benefit many
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individuals with mild to severe hearing loss, it appears that only about 22
percent of potential hearing aid candidates choose to obtain amplification
(Kochkin, 2001). Many efforts have been made to determine the reasons
for the low take-up rate and methods for increasing it, but this has proved
to be an intransigent problem. Issues such as high cost, low perceived
benefit, stigma associated with hearing loss, and denial of hearing prob-
lems may contribute to the low acceptance rate of hearing aids. As a result
of these complicating factors, many individuals do not have or use ampli-
fication despite having pure-tone thresholds that suggest that they are
hearing aid candidates.

Selection and Adjustment Issues

The term “hearing aid fitting” is used to encompass the process of
selecting, adjusting, and fine-tuning an appropriate hearing aid for a per-
son with hearing loss. Although there is not a fully developed science of
hearing aid selection and fitting, there are several generally recognized
principles. An ideal fitting will:

1. restore audibility for sounds that are soft but audible to people
with normal hearing;

2. present conversational speech at a comfortable loudness level for
the listener with hearing loss;

3. allow normally loud sounds to be perceived as loud;

4. prevent any sounds from violating the loudness discomfort thresh-
old; and

5. preserve a natural, pleasant sound quality with minimal distor-
tion.

Simultaneous achievement of all these goals often is not possible. In
these cases, compromises are necessary and the best compromises are
often reached using a trial-and-error method.

In many hearing aid fittings, the amount of amplification needed at
each frequency is determined on the basis of a theoretical prescription.
Several prescriptive methods have been developed and can be found in
the audiology literature. The most thoroughly validated method is the
one developed by Byrne and Dillon (1986) entitled the National Acoustics
Laboratory Revised (NALR) procedure. This procedure has become the
de facto gold standard for newer procedures, which may offer additional
features. The NALR method provides a gain-by-frequency prescription
for a single input level (conversational speech). If a WDRC hearing aid is
used, additional decisions must be made about the parameters of the
compression processing. These include the number of channels of com-
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pression, the input levels at which compression is initiated, how much
compression to use, and how to rapidly modify the signal for best results.
Some newer procedures, for example, NAL-NL1 (Byrne, Dillon, Ching,
Katsch, and Keidser, 2001), DSLi/o (Cornelisse, Seewald, and Jamieson,
1995), and Cambridge (Moore, 2000), offer guidelines for some of these
decisions. Even when these guidelines are used as a starting point, trial
and error may be necessary to determine the best combination of settings
for the individual listener.

After a hearing aid has been selected and tentatively adjusted to the
appropriate settings for the listener, it is important to determine how
closely the amplification matches the theoretical goals (i.e., the prescrip-
tion). This part of the fitting process is called “verification,” and it can be
completed in several ways. One widely used method of verification, and
indeed the only method currently possible with very young children, is
accomplished using a probe-tube microphone in the ear canal. The probe
tube is placed in the listener’s ear canal and sound measurements are
made both with and without the hearing aid. The difference between the
aided and unaided measurements is a measure of the effective amplifica-
tion provided by the fitting overall. This quantity is compared with the
prescription goals, and adjustments are made until the match is satisfac-
tory, or as good as possible. With listeners who can respond appropri-
ately, other methods of verification are often used instead of, or in addi-
tion to, ear canal probe tube microphone measures. These include aided
thresholds, sound quality ratings, and aided speech recognition tests. Af-
ter the hearing aid fitting and verification are complete, a period of ac-
commodation and adjustment is necessary before the maximum benefit
can be obtained from the hearing aids. During this period, which may last
from a few weeks to a few months, follow-up appointments that allow
input from the hearing care professional can be important in facilitating
the best outcome. This input may take the form of problem-focused coun-
seling, hearing aid adjustments, or group audiological rehabilitation
classes, depending on the needs of the hearing aid wearer. This post-
fitting component of hearing aid provision is often overlooked or mini-
mally performed. For many clients, this probably contributes to a less-
than-optimal long-term outcome.

Problems Not Solved by Hearing Aids

Even when hearing aids are fitted competently, hearing aid wearers
often continue to experience a variety of problems.

Even the most sophisticated hearing aids do not restore hearing to
normal. Wearers often still cannot detect soft sounds. Even sounds that
are audible may not be heard clearly or comfortably. These facts are often
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not realized by people without hearing loss, who may expect a level of
performance from the hearing aid wearer that is beyond his or her ability,
even with amplification. These shortcomings add to the frustrations of
adjusting to wearing hearing aids.

For many hearing aid wearers who have sensorineural hearing loss,
the major concern is an inability to understand speech in a situation when
background noise is present. This is generally agreed to be a physiological
problem resulting from hair cell loss. Recent data suggest that temporal
processing and cognitive abilities also may impact speech understanding
in noise. Hearing aids often do not help substantially with this problem.
Thus, communication in noise remains a major difficulty for many hear-
ing aid wearers.

The highest possible output of the hearing aid is typically adjusted
with the goal of maximizing the range and variety of sounds available to
the listener without causing loudness discomfort. Sometimes this effort is
not fully successful, and certain environmental sounds are experienced at
unpleasant loudness levels.

Another problem is that when sound that is produced by the hearing
aid leaks back out of the ear canal and reaches the hearing aid’s micro-
phone, an annoying (and embarrassing) whistling can be produced. This
type of feedback loop can be created by a variety of combinations of gain,
earmold fit, and external conditions (such as the proximity of a hat brim
or a nearby wall).

Feedback can be especially problematic when a telephone is placed
near a hearing aid, as in normal telephone use. The resulting squeal can
prevent effective telephone communication while using the hearing aid.
Some individuals with relatively mild hearing loss can communicate on
the telephone without the hearing aid, but this is not possible for those
with more severe hearing problems. An induction coil (T-coil) built into
the hearing aid can solve this problem for many individuals, but these
coils are sometimes not provided, or the hearing aid wearer may not
know how to use the T-coil, or the telephone may not be hearing aid
compatible (i.e., it does not produce a suitable magnetic field for the T-coil
to use).

Finally, the hearing aid wearer’s own voice may be unpleasantly loud
when the device is worn due to the effects of plugging the ear canal with
the earmold or hearing aid. Sometimes this problem is severe enough to
prompt the user to reject the device.

Hearing Aid Fitting Outcomes in Adults

There are two basic approaches to the measurement of hearing aid
fitting outcomes: the first involves measures of the hearing aid’s technical
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merit when in situ. The second involves measures of the extent to which
the amplification system as a whole is reported to have alleviated the
daily life problems of the person with hearing loss and his or her family.
Much early research concentrated on technical outcomes. It was assumed
that subjective (real-life) outcomes would be accurately predicted from
these objective data. It is now clear that this often is not the case. Real-life
problems associated with hearing loss are complicated by such contextual
issues as personality, lifestyle, environment, and family dynamics, and
these play an important part in the ultimate success of a hearing aid
fitting. Numerous studies have shown that measures of technical merit
are not strongly predictive of real-life effectiveness of hearing aid fitting
(e.g., Souza, Yueh, Sarubbi, and Loovis, 2000; Walden, Surr, Cord,
Edwards, and Olsen, 2000). Thus, it is now recognized that real-life out-
comes of a fitting must be assessed separately from the technical merit of
the hearing aid. Many researchers feel that both types of data are essential
for a full description of hearing aid fitting outcome.

The technical merit of a fitted hearing aid may be assessed acousti-
cally using, for example, real-ear probe-microphone measures (e.g.,
Mueller, Hawkins, and Northern, 1992) or audibility measures, such as
the speech intelligibility index (American National Standards Institute,
2002). An equally popular approach to exploring technical merit involves
psychoacoustic data, especially speech recognition scores measured in
quiet or in noise (e.g., Shanks, Wilson, Larson, and Williams, 2002).

The real-life effectiveness of a hearing aid is measured using subjec-
tive data provided by the person with hearing loss or by significant oth-
ers. Numerous questionnaires have been developed and standardized
specifically for the purpose of assessing hearing aid fitting outcomes, and
many others have been conscripted to serve this application (see reviews
in Bentler and Kramer, 2000; Noble, 1998, Tables 4.1 and 4.2).

Research on Outcomes

Although the literature is replete with data depicting technical and
real-life hearing aid fitting outcomes for relatively small groups (N < 50)
of participants, most of these are experimental studies and do not attempt
to determine the typical outcomes of representative contemporary hear-
ing aid fittings. There are not many studies that describe results from
large groups of clinic patients originating in the United States who have
been fitted with current-technology hearing aids.

Larson et al. (2000) described a carefully controlled and conducted
crossover trial with 360 older adults with moderate bilateral sensorineu-
ral hearing loss. Each of three hearing aid circuits was used for three
months by each subject. Outcome measures included speech recognition
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tests and self-report using a standardized questionnaire. When speech
was presented at a conversational level, recognition of monosyllabic
words in quiet improved about 30 percent (from 58 to 88 percent) with
amplification. When noise was present at +7 dB signal to noise (5/N) ratio
(on average), unaided sentence recognition scores were about 48 percent
and aided scores averaged about 64 percent. Thus, appropriate amplifica-
tion improved sentence recognition in noise about 16 percent for the typi-
cal listener. Haskell et al. (2002) reported subjective outcomes from the
same investigation of 360 adults. They noted that, without hearing aids,
the subjects reported experiencing communication problems in about 40
percent of quiet situations and 65 percent of noisy situations. Subjective
reports of real-life benefits indicated that with hearing aids, subjects re-
ported a 20-25 percent lower frequency of problems for speech communi-
cation in quiet and a 30 percent lower frequency for communication in
noisy settings.

Humes, Wilson, Barlow, and Garner (2002) presented comparable
data for 134 older adults with moderate hearing loss. In this study, sen-
tence recognition was measured after one year of hearing aid use. Results
indicated that understanding of sentences at a conversational level with a
+8 dB S/N ratio increased by about 19 percent for the average hearing aid
user; unaided performance scores averaged about 55 percent and aided
scores were about 74 percent.

Like most reports of hearing aid outcomes, the studies by Larsen et al.
(2000) and Humes et al. (2002) focused on listeners with moderate hearing
loss. It is likely that individuals who seek Social Security disability ben-
efits would have more severe hearing losses than these groups. The litera-
ture yields relatively few data reflecting the performance of people with
severe and profound hearing loss who have been fitted with appropriate
hearing aids.

Flynn, Dowell, and Clark (1998) reported a study employing 34 lis-
teners with severe or profound hearing loss who wore carefully fitted
hearing aids. To be eligible for this study, subjects were required to be
proficient in the use of spoken English. The typical subject achieved a
recognition score of 55 percent when listening to amplified monosyllabic
words in quiet. Everyday sentences produced an average recognition
score of 72 percent in quiet and 58 percent with a +10 dB S/N ratio. It
should be emphasized that the variability across subjects was large (as
usually seen in studies of listeners with hearing loss): standard deviations
were on the order of 25-30 percent.

Kuk, Potts, Valente, Lee, and Picirrillo (2003) reported a study of 20
individuals with severe or profound hearing losses who were carefully
fitted with high-technology hearing aids. Proficiency in spoken English
was not reported to be a selection criterion in this study. For speech pre-
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sented at a conversational level in quiet, subjects were able to repeat
about 15 percent of amplified sentences that contained no contextual cues
and about 33 percent of sentences that were high in contextual cues. These
subjects reported that when they use hearing aids, they experience diffi-
culty in real life about 25 percent of the time in quiet and about 50 percent
of the time in noise.

Although the mean pure-tone thresholds of the subjects studied by
Kuk et al. (2003) were only slightly poorer than those studied by Flynn et
al. (1998), the aided speech recognition performance observed by Kuk et
al. was notably worse than that measured by Flynn et al. Such inconsis-
tent outcomes are not unusual in investigations of individuals with hear-
ing loss, especially in studies with small numbers of subjects. Many lis-
tener variables, such as the ability to perceive acoustic features of sounds
and to utilize contextual cues, have an impact on speech recognition
scores. In addition, acoustic variables such as the particular speech test
used, the presentation level, and the characteristics and level of any back-
ground noise, all strongly affect obtained recognition scores. Thus, some
individuals with significant hearing loss are able to perform quite well in
situations requiring speech communication, while others with similar
pure-tone thresholds are almost completely unsuccessful.

COCHLEAR IMPLANTS

Profound neurosensory hearing loss is one of the most significant
impediments to an individual’s ability to successfully communicate with
other human beings using audition and spoken language. If the hearing
loss occurs prior to the development of speech and language, additional
lifelong reading and spoken language deficits confront those who are
profoundly deaf. Individuals with moderate to severe hearing loss expe-
rience difficulty hearing sound and, more importantly, understanding
speech clearly. In the presence of competing noise or other sounds speech
understanding is more impaired. In the past, the only rehabilitative assis-
tance for people with severe to profound hearing loss was the amplifica-
tion of sound by hearing aids and the use of sign language. However,
hearing aids can only make sound louder without providing important
speech cues to improve the discrimination or understanding of words.
They also do not provide sufficient cues to assist hearing in background
noise.

The development of the cochlear implant has radically altered the
habilitation and rehabilitation of profoundly deaf children and adults.
The past 25 years of basic science and clinical research have shown that
cochlear implants are safe and effective in improving speech perception
in both children and adults. The introduction of this technology into clini-
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cal practice over the past 10 years has generated renewed interest in the
etiology and the methods of assessment of individuals with profound
hearing loss. In this section we review the hardware and software compo-
nents of a cochlear implant, present patient selection criteria for an im-
plant, and discuss speech perception results in postlingually deafened
adults with multichannel cochlear implants. The same cochlear implants
are used for management of profound deafness in children deafened
prelingually (before age 2) and postlingually. The indications and results
for children are discussed in Chapter 7.

Cochlear Implant Devices

Cochlear implants attempt to replace the transducer function of dam-
aged inner ear hair cells. Most causes of sensorineural deafness result in
injury to the hair cells rather than to auditory nerve fibers. Prolonged
deafness eventually affects the auditory nerve, as its neurons rely on neu-
rotrophic factors (proteins produced by hair cells) for their survival. It has
been shown that electrical stimulation provided by cochlear implants can
prevent neural degeneration (Leake, Hradek, and Snyder, 1999). The de-
vices are continually undergoing modification and upgrading; however,
the basic components of the systems have not changed.

The early pioneers of cochlear implants include William House (1976),
Blair Simmons (1965, 1966), and Robin Michelson (1971). These individu-
als were the first to describe the clinical benefits of electrically stimulating
the inner ear. House and Michelson described the placement of single
electrodes within the scala tympani of the inner ear, while Simmons intro-
duced multiple electrodes directly into the auditory nerve. Their reports
in the 1960s were strongly criticized by the scientific community.

The first commercially available implants were produced in 1972 as
the House-3M single channel implant. This device was an aid to speech-
reading and provided an awareness of environmental sounds to several
thousand postlingually deafened adults and a few hundred children.
Graeme Clark (Clark et al., 1977) and his research team in Australia fo-
cused on multichannel stimulation. A commercially available (Cochlear
Corporation) multichannel implant with 22 separate channels began clini-
cal trials in 1983. The University of California at San Francisco implant
team also began clinical trials in 1985 with a multichannel implant. A
variant of this device is now manufactured by Advanced Bionics (the
Clarion cochlear implant). Major advances in microcircuitry and speech
coding algorithms have been developed over the past 20 years.

In 2003, there were three companies that made commercially avail-
able cochlear implants for use in the United States—Cochlear Corpora-
tion, Advanced Bionics, and Med El. Each has a slightly different elec-
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trode array that is inserted into the inner ear and a different way of encod-
ing speech information into an electrical signal. There is substantial vari-
ability in results with all devices and subject populations, and the results
have improved as more is learned about the way the human brain pro-
cesses speech signals. It is important to recognize that results with im-
plants will likely continue to improve as device technology advances and
indications for implantation expand. The results reported here are most
likely to be out of date in two to three years.

The basic components of a cochlear implant (shown in Figure 5-1)
include:

® amicrophone to pick up auditory information from the environment,

® a speech processor that changes the mechanical acoustic sound
energy into electrical signals,

® a headpiece with transmitter coil to send the information via radio
frequency through the skin,

* an implanted receiver/stimulator that interprets the electrical sig-
nal sent by the speech processor, and

¢ anintracochlear electrode array that distributes the electrically pro-
cessed speech information to the auditory nerves.

FIGURE 5-1 The components of a cochlear implant.

NOTE: In some models, the speech processor is incorporated with microphone
and batteries in “behind-the-ear” unit.

SOURCE: Advanced Bionics Company, reprinted with permission.
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Multichannel cochlear implants that deliver different temporal infor-
mation to different parts of the cochlea (place or spectral information)
have been the most successful in generating speech perception in post-
lingually deafened adults with profound hearing loss and in postlingually
and prelingually deafened children (Cohen, Waltzman, and Fisher, 1993;
Gantz, McCabe, and Tyler, 1988). Innovative methods of processing
speech have been developed by many independent research programs
and cochlear implant manufacturers.

Most cochlear implants today employ a band-pass filter system to
separate the acoustic signal into discrete frequency bands that can be
delivered to the appropriate frequency regions of the cochlea, providing
spectral information about the speech signal. Temporal and intensity cues
are delivered by varying the rate of stimulation and the amount of stimu-
lating current. Multichannel implant systems use between 8 and 24 chan-
nels, depending on the implant manufacturer.

Current cochlear implant systems are designed to take advantage of
the tonotopic organization of the cochlea. Thus, place coding is used to
transfer spectral information in the speech signal as well as to encode
durational and intensity cues (American Speech-Language-Hearing As-
sociation, 2004). The number of channels may not be as important as the
speech processing algorithm. Most implant systems use a nonsimultaneous
stimulation paradigm, which prevents stimulation of more than one
channel at a time and eliminates electrical field interaction across elec-
trodes; however, newer speech coding algorithms employing simulta-
neous stimulation are now in development. Electrical field interaction
can induce excessive current loads causing increased loudness and dis-
tortion from overlapping signals.

One type of speech processing that has been shown to improve
speech perception scores has been labeled continuous interleaved sam-
pling (CIS) (Wilson, Lawson, Finley, and Wolford, 1991). CIS speech pro-
cessing employs a rapid pulse rate (up to 25 microseconds/phase) to
deliver envelope cues similar to an analog signal. The CIS processing is
available in the Advanced Bionics Clarion, the Nucleus CI24M, and the
MedEl implants.

The Nucleus implant has additional proprietary Spectral Peak
(SPEAK) and Advanced Combination Encoders (ACE) speech coding al-
gorithms. The ACE strategy claims to combine advantages of the SPEAK
and the CIS strategies (Cochlear Corporation, 2004). The Clarion implant
can be programmed in a pulsatile, compressed analog, or combination
pulsatile/analog format. It is capable of stimulating at a rate of 82000 Hz,
allowing presentation of more fine temporal information in their propri-
etary coding strategy, “Hi Res.” A new implant by the Cochlear Corpora-
tion (RP-8), now in feasibility trials by the Food and Drug Administration
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(FDA), also incorporates a faster stimulating chip set. Adding more fine
temporal information may allow improved word understanding in back-
ground noise as well as appreciation of quality changes in voice and
music. Changes in speech processing strategies surely will continue as the
technology advances, and new implant systems are being designed to
enable adaptation to a broad array of speech processing software changes
without requiring surgical hardware reimplantation.

A recent addition to cochlear implant systems is the on-board telem-
etry capability to measure the electronic functioning of the implanted
electrode package. Each implant manufacturer has developed its own
proprietary system. For all devices, impedance measures of individual
channels can be obtained as well as measures of the electronic signal
being transmitted by each channel. Auditory whole nerve action potential
measures developed by Brown and Abbas (Brown, Abbas, and Gantz,
1990) have been incorporated into the Nucleus (neural response telem-
etry, NRT) and Clarion (neural response imaging, NRI) implant systems,
but not into the Med El systems at this time. The telemetry systems can
measure the activity of the residual auditory nerve. The whole nerve
action potential measures have a moderate correlation with speech per-
ception skills with an implant. Presumably these measures are based on
the integrity and number of residual auditory nerve fibers, so it may be
possible to use this capability to identify different areas in an individual
cochlea that have better surviving neural populations. It is expected that
this information will be useful in developing unique speech coding algo-
rithms for individual subjects, thereby improving their speech percep-
tion. Ongoing studies of residual auditory nerve function may be an im-
portant method of enhancing performance in individual patients.

Audiological Criteria for Implantation in Adults

The selection criteria for adults continue to evolve as cochlear
implant hardware and software are able to reliably provide improved
speech understanding. Successful restoration of speech perception
with cochlear implants in adults has been limited to postlingually
deafened individuals (adults who have learned spoken language and
speech prior to losing their hearing). Prelingually deafened adults
who use primarily spoken language obtain some important speech
cues from the device. Prelingually deafened adults who use sign lan-
guage have not been able to obtain much benefit from the devices.
Cochlear implantation is also limited to individuals with bilateral
moderate to profound sensorineural hearing loss in the low frequen-
cies and profound loss in the high frequencies. The present FDA
guidelines for adult cochlear implant candidacy include the following
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or similar criteria that may differ by implant manufacturer and model
(Advanced Bionics, 2004; Cochlear Corporation, 2004; Food and Drug
Administration, 2001): If the subject can detect speech at 70 dB sound
pressure level (SPL), a series of speech perception tests are performed,
bilaterally aided in a sound field at 70 dB SPL. Candidates unable to
detect speech in a sound field with the assistance of appropriately
fitted hearing aids are considered audiological candidates for an im-
plant. Individuals who can understand some speech in the test condi-
tion are considered to be candidates for an implant if they understand
50 percent correct or less on a recorded sentence test (many centers
use the HINT hearing in noise sentence test for cochlear implant evalu-
ation) in the ear to be implanted and 60 percent or less in the best
binaural aided condition. The above indications are in transition as
speech coding algorithms and devices continue to provide improved
speech understanding results. Continued research and careful docu-
mentation of these findings are necessary to expand the clinical selec-
tion criteria for electrical speech processing.

Adults with prelingual, long-term deafness demonstrate a poor prog-
nosis for developing speech understanding following cochlear implanta-
tion (Busby, Roberts, Tong, and Clark, 1991; Dawson et al., 1992; Zwolan,
2000). A number of these individuals can learn to recognize environmen-
tal or warning sounds and may demonstrate limited speech-reading en-
hancement with their cochlear implants. Other individuals have reported
some improvement in their own speech production following implanta-
tion (Zwolan, Kileny, and Telian, 1996). Prelingually deafened adults with
previous auditory or oral training or experience (those who communicate
primarily with speech rather than sign language) have a better prognosis
for accepting and using their devices. It is suspected that central neural
processing of auditory information is not possible using current cochlear
implant technology if the central auditory pathways have not been stimu-
lated either through normal hearing mechanisms or electrical stimulation
with a cochlear implant prior to puberty.

Medical Considerations for Implantation

There are very few medical conditions that limit the use of a cochlear
implant in an adult or child. The ability to undergo a general anesthetic
must be assessed. Certain personal characteristics, such as onset of pro-
found deafness, educational environment, and history of chronic ear dis-
ease and surgery should be ascertained. The medical history is important
because it can identify potential problems that might result in less than
optimal outcome with a cochlear implant. This information should be
considered when counseling the candidate and planning rehabilitation.
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Rarely is a candidate eliminated from consideration for an implant based
on medical history.

Almost all diseases and disorders that induce profound deafness
primarily affect the cochlear hair cells, which are responsible for trans-
ducing acoustical signals into electrical responses. This has enabled can-
didates with almost all causes of profound deafness to be candidates for
cochlear implantation. Exceptions to this are those who have had tumors
removed from their hearing and balance nerves and those with severe
trauma severing the auditory nerve. Studies have failed to identify any
etiology except meningitis with severe labyrinthine ossification with
obliteration of the cochlea as a disadvantage for cochlear implantation
(Gantz, Woodworth, Abbas, Knutson, and Tyler, 1993).

Radiographic imaging of the cochlea is essential to determine the
presence of a congenital inner ear deformity. Absence of the cochlea
(Michele deformity) or a small internal auditory canal (similar to the fallo-
pian canal) are contraindications for implantation on that side. Congeni-
tal malformations, such as Mondini deformities, are not contraindications
for implantation, but they should alert the implant team that complica-
tions may be encountered during implantation and the candidate must be
carefully counseled as to possible limited hearing outcome (Jackler,
Luxford, and House, 1987; Miyamoto, Robbins, Myres, and Pope, 1986).

Recurrent acute or chronic ear disease must be controlled prior to
placing a cochlear implant. If acute otitis media occurs following implan-
tation, it should be treated with appropriate antibiotics.

In the recent past it has been recognized that there may be an in-
creased risk of meningitis associated with cochlear implantation. Because
of this, the Centers for Disease Control and Prevention (2003), the FDA
(2003), and the American Academy of Pediatrics (2004) have recom-
mended that all young children who receive a cochlear implant, as well as
adults at high risk of invasive pneumococcal disease, be vaccinated
against meningitis. It is recommended that vaccination take place prior to
implantation in children and the elderly.

Finally, a history of a congenitally deafened ear should be noted. The
congenitally deafened ear in a postlingual deaf adult should not be im-
planted. Case reports indicate that these ears perform similarly to im-
plants in prelingually deafened adults, in that a sensation of sound may
not be perceived in a prelingually deafened ear.

Other Considerations

The characteristics of an individual cochlear implant user play a large
role in the communication outcomes he or she achieves (Wilson, Lawson,
Finley, and Wolford, 1993). Two important factors are age at implantation
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and duration of deafness (Battmer, Gupta, Allum-Mecklenburg, and
Lenarz, 1995; Gantz et al., 1993; Geir, Barker, Fisher, and Opie, 1999; Shipp,
Nedzelski, Chen, and Hanusaik, 1997). Individuals implanted at a
younger age with a corresponding shorter period of auditory deprivation
are more likely to achieve good outcomes. In addition, cochlear implant
outcome improves with increasing device use for many recipients
(Rubinstein and Miller, 1999; Rubinstein, Parkinson, Tyler, and Gantz,
1999). Other factors that may influence adult outcomes include speech-
reading ability and degree of preimplant residual hearing (Cohen et al.,
1993; Gantz et al., 1993; Rubinstein et al., 1999).

Cochlear Implant Results

Evaluation of cochlear implant performance has required the devel-
opment of new test materials for both children and adults, because exist-
ing test materials were too difficult or they were used so frequently that
subjects could learn the test material. As with routine auditory testing,
speech perception material should be presented from audiotape or video-
tape standardized material (see Chapters 3 and 4). A battery of tests of
varying difficulty is needed, assessing temporal or intonation patterns of
speech, sound + vision tests to evaluate speech reading enhancement,
closed-set and open-set sound-only sentence tests or single word tests.
The most difficult are open-set monosyllabic word tests, such as the CID
W-22 word lists, NU-6, or CNC monosyllabic word tests (see Chapters 3
and 7 for test descriptions).

Postlingual Adult Performance

Multichannel implant strategies have been shown to provide
postlingually deafened adults more auditory information than single
channel implants in comparative studies (Gantz et. al., 1988a) and in the
prospective randomized Veterans Administration clinical trial (Cohen
et. al., 1993). Open-set sentence test and monosyllabic word test score
results from subjects using multichannel implants have improved as
speech coding strategy advances have been incorporated in clinical trials.
It should also be kept in mind that during this same period the selection
criteria for implantation have been liberalized. Subjects receiving im-
plants in 2003 have much more residual auditory function than the indi-
viduals with no response to audiometric testing implanted in the early
1980s.

Initial prospective randomized clinical trials using the four-channel
Ineraid cochlear implant and the Nucleus CI-22 (feature extraction, FOF1F2
coding) implant demonstrated an average open-set sentence score of 30-
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38 percent correct after 9 months of device experience (Gantz et al., 1993).
Monosyllabic NU-6 word score averages ranged between 9 and 12 per-
cent at 9 months.

It is of interest that the Iowa trial (Gantz et. al., 1988b) could not
demonstrate any performance differences between the 22-channel Nucleus
device using a feature extraction speech coding algorithm and the Ineraid
4 channel vocoder compressed analog speech processing paradigm.
Speech scores improved with the development of the CIS-like speech
coding used in the Clarion implant and the SPEAK band-pass filter strat-
egy of the Nucleus 22. Average sentence scores for the Clarion CIS im-
plant are in the range of 65 percent; NU-6 word scores are 30-38 percent
(Tyler, Fryauf-Bertchy, Gantz, Kelsay, and Woodworth, 1997). Similar re-
sults have been obtained with the Nucleus CI-22 implant using SPEAK
speech coding (Hollow et al., 1995). Multiple speech coding strategies are
available in most cochlear implants. A recent comparison of five different
speech coding strategies in the Clarion device, including CIS, simulta-
neous analog stimulation (SAS), paired pulsatile sampler (PPS), quadruple
pulsatile sampler (QPS), and hybrid strategies (HYB), showed no statisti-
cally significant difference between CIS and SAS strategies on vowel and
sentence recognition tasks (Loizou, Stickney, Mishra, and Assman, 2003).
About one-third of the group benefited from PPS and QPS strategies.
There were individual preferences for each strategy. A similar study with
the Nucleus implant compared SPEAK, ACE, and CIS speech coding strat-
egies (Skinner et al., 2002). The outcomes in postlingually deafened adults
indicated individual preferences for each strategy; however, group means
demonstrated similar performance for all three coding strategies.

It is recommended that clinicians fit each coding strategy for an indi-
vidual in order for the user to obtain maximum benefit from the implant.
A period of trial (4-6 weeks) for each is recommended, as the initial pre-
ferred strategy may not be the final best speech coding strategy.

In all published trials of cochlear implant performance, a wide range
of scores is seen among individual subjects. Ranges have widened as
speech coding has improved. Average scores for monosyllabic word un-
derstanding for different devices are 40-50 percent correct in the sound-
only condition. Average sentence understanding scores range between 60
and 70 percent. Duration of profound deafness has been shown to be the
most significant patient variable that contributes to intersubject score dif-
ferences (Gantz et al., 1993; Rubinstein et al., 1999).

Cognitive abilities, residual hearing, and speech-reading skills have
also had a small influence on performance with an implant. Implanting
individuals with more residual hearing has shown that preoperative sen-
tence recognition scores and duration of deafness can account for 80 per-
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cent of the variance in single word recognition scores (Rubinstein et al.,
1999).

The etiology of deafness, except for meningitis with labyrinthine ossi-
fication, has not contributed to performance differences. It is suspected
that residual auditory nerve function has some influence on performance,
but until auditory nerve integrity tests are available on large populations,
this remains speculative. Over the past 15 years, speech perception scores
have demonstrated steady improvement. Much of the improvement is
attributed to advancing technology and speech processing; however, it
must be kept in mind, as mentioned above, that the subject population
being implanted today has more residual hearing than the people im-
planted several years ago. The cochlear implant has also been able to
elevate the functional health status of older adults (Francis, Chee, Yeagle,
Cheng, and Niparko, 2002). A team at the Johns Hopkins University evalu-
ated the quality of life of individuals between ages 50 and 80 who were
using cochlear implants. There was a strong correlation between increases
in emotional utility scores and improvements in speech understanding
scores; 65 percent of this group could conduct interactive conversations
on the telephone. These studies also demonstrated that cochlear implan-
tation was cost-effective in this patient population, similar to findings for
young adults and children. The cost utility analysis of $9,480 per quality-
adjusted life year (QALY) in this age group was well below the threshold
of $20-25,000 per QALY for procedures that are considered to be accept-
able value for the money. Costs for children ranged between $5,197 and
$9,029/QALY (Cheng et al., 2000).

Bilateral Implantation

The increasing clinical success of cochlear implants has prompted the
exploration of bilateral implantation (Gantz et al., 2002; van Hoesel and
Tyler, 2003). Preliminary results suggest that the greatest benefit from
bilateral implantation is sound localization. The head shadow effect in a
noisy environment was also a benefit to most individuals. A small per-
centage of the subjects improved speech recognition in quiet with two
implants compared with one device. Much more research in larger groups
of individuals must be undertaken to determine whether bilateral im-
plantation should become standard clinical care.

Hybrid (Combined Acoustic and Electrical) Stimulation

The improved speech perception scores achieved by an increasing
number of individuals implanted with multichannel cochlear implants,
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along with the implants’ record of safety, has enabled the gradual expan-
sion of implant selection criteria to those with more residual hearing.
Individuals with severe hearing loss who use hearing aids complain of
poor word understanding that is not improved with conventional hear-
ing aids. Amplifying the sound does not improve their word perception
scores. Most adults with severe to profound age-related deafness and
noise exposure have substantial low-frequency hearing but cannot hear
the high-frequency consonants that are essential for word understanding.
While the speech communication performance of postlingually deafened
patients with cochlear implants is quite good, acoustic hearing (if the
damage to the ear is not too severe) still offers considerable advantages
for appreciation of the aesthetic qualities of sound (such as music and
voice quality), as well as for understanding speech in background noise
(Fu, Shannon, and Wang, 1998). Many users of cochlear implants com-
plain that the sound is very mechanical and background noise reduces
the ability to perceive speech. The loss of the aesthetic quality of sound is
most likely to be related to the inability to discriminate the pitches of
sound (Gfeller et al., 2002). The loss of pitch perception is a consequence
of the limited spectral resolution of current speech coding strategies
(Fishman, Shannon, and Slattery, 1998). Hearing in background noise
requires even finer spectral resolution (Fu et al., 1998).

Residual low-frequency hearing (125-750 Hz) has the potential to
provide more low-frequency spectral resolution than the current genera-
tion of speech coding algorithms. However, placement of the standard
intracochlear electrode usually results in loss of residual hearing. To
circumvent this loss, a novel “short” 10 mm multichannel cochlear im-
plant was developed for use in severely impaired individuals with re-
sidual low-frequency acoustic hearing (Gantz and Turner, 2003). Recipi-
ents of this device have preserved low-frequency acoustic hearing and
have been able to combine acoustic and electrical speech processing to
substantially improve speech perception in quiet and in multitalker noise
(Gantz and Turner, 2003). These early experiences suggest that residual
low-frequency hearing is important and should be preserved as indi-
viduals with more hearing are considered for cochlear implantation.

The cochlear implant has been shown to be safe and effective in pro-
viding significant improvements in speech perception skills for
postlingually deaf adults. The results with cochlear implants are encour-
aging and have continued to improve as indications for implantation
expand and software and hardware advances become clinically available.
Newer implant designs are in development, and the combination of acous-
tic and electrical stimulation strategies may greatly expand the applica-
tion of this technology to more individuals with hearing loss in the future.
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AUDITORY BRAINSTEM IMPLANTS

Neurofibromatosis Type II (NF-2) is a disease in which patients de-
velop multiple tumors of the central nervous system, including bilateral
acoustic neuromas (vestibular schwannomas). Profound deafness is the
usual outcome following removal of the acoustic neuromas in these indi-
viduals. Researchers have developed auditory brainstem implants that
can deliver stimulation to the cochlear nucleus, bypassing the damaged
nerve, in patients undergoing such surgery (House and Hitselberger,
2001).

The present auditory brainstem implant (ABI) is approved by the
FDA for use in patients with NF-2. The device has a Silastic pad with 22
electrode contacts that are placed adjacent to the dorsal cochlear nucleus
in the brainstem following tumor removal. Some patients who receive an
ABI do not receive any auditory benefit from the device, and the patients
must fully understand this, as well as the risks and potential side effects
of surgery, prior to implantation. The most recent results with the ABI can
be found in an article by Otto et al. reporting on the 55 subjects that were
included in the FDA clinical trial with this device (Otto, Brackmann,
Hitselberger, Shannon, and Kuchta, 2002).

OTHER ASSISTIVE LISTENING DEVICES

In addition to conventional hearing aids and cochlear implants, there
is a category of technologies called ALDs. These devices are typically
used part-time either instead of, or in addition to, hearing aids or im-
plants. They are usually targeted toward improving communication func-
tionality in specific limited situations, such as talking on the telephone,
communicating over a distance, attending the theater, or detecting a door-
bell ring. A recent review of ALD types and technologies is found in
Compton (2000).

Varieties of ALDs may be partitioned into two categories: acoustic
and alerting. Acoustic ALDs facilitate the reception of acoustic signals by
reducing the corruption of desired sounds that occurs in many everyday
listening situations, for example, background noise (including speech
babble), reverberation effects in auditoria, large distance between talker
and listener, and limited visual cues resulting from poor lighting or a
talker who cannot be seen.

Amplified telephones are probably the most widely used and effec-
tive acoustic ALDs (Kochkin, 2002). Another effective type of device em-
ploys a wireless system composed of a transmitter and receiver pair. The
transmitter is driven by a microphone that is held by or near the talker.
The signal is broadcast to the receiver using FM radio, induction loop, or
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infrared transmission. The receiver routes the signal to the hearing aid (or
other amplifier), from which it is delivered to the listener. A related cat-
egory of ALDs converts the acoustic speech signal into a visual represen-
tation. Examples of these are real-time captioning and speech recognition
technology such as that used by CapTel. There are also other visually
based technologies such as TTY (a keyboard and display device con-
nected to the phone system), e-mail, and instant messaging.

Alerting ALDs are designed to improve detection of warning and
alerting signals by substituting visual or vibratory signals for auditory
signals. Examples of this category include vibrating alarm clocks, light-up
telephone signalers, and doorbells and fire alarms that activate flashing
lights.

ALDs are often considered appropriate in addition to a conventional
hearing aid or in cases in which a hearing aid is not effective or desired.
Despite enthusiastic support from some professionals (e.g., Loovis, Schall,
and Teter, 1997) and considerable popularity in some other countries,
ALDs are not used very much in the United States (with the exception of
amplified telephones). It is not clear whether this results from a culturally
based reluctance to embrace devices that are more obvious, or whether it
results more from lack of their promotion by hearing care professionals.

Although both alerting and acoustic ALDs seem to be used quite
effectively in some home situations, their penetration into work settings
and other settings outside the home is reported to be limited (Bowe, 2002;
Kochkin, 2002; Wheeler-Scruggs, 2002). The reasons for this are not clearly
established. Reluctance of workers to request accommodations may be a
contributing factor; lack of knowledge about available and appropriate
devices is another.

In addition, there is evidence that persons with hearing loss are often
reluctant to utilize ALDs that they know to be helpful because they are
conspicuous and potentially stigmatizing. For example, with a personal
FM system, the talker must be close to the microphone (typically holding
it or wearing it) before the device will be helpful to the listener with the
hearing loss. It is difficult to achieve this in an inconspicuous, flexible
manner that does not inconvenience communication partners in the work
setting.

This presumption has been supported in two studies that have com-
pared hearing aids and ALDs in fairly large groups of persons with hear-
ing loss. Jerger et al. (1996) noted that although many subjects preferred
the sound quality of an ALD (a personal FM system), 97 percent of them
still preferred to use a conventional hearing aid in daily life. Yueh et al.
(2001) reported that use of conventional hearing aids produced substan-
tial reported improvements in hearing-related quality of life, whereas the

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11099.html

ecurity Benefits

SENSORY AIDS, DEVICES, AND PROSTHESES 161

quality of life improvement reported to result from use of an ALD was
very small.

RECOMMENDATIONS FOR RESEARCH

The committee recommends that SSA support research efforts that
are directed toward increasing the knowledge base in the area of amplifi-
cation effectiveness. Despite the long history of study of amplification,
fitting strategies, and outcomes, there is a lack of empirically based infor-
mation about the use and benefit of modern sensory aids and prostheses
that are used by persons with severe/profound hearing loss. Such data
potentially would be of interest to SSA in judging the likely employability
of individuals with hearing loss.

Research Recommendation 5-1. There is very limited information
about the efficacy and effectiveness! of modern high-technology wearable
hearing aids in adults with severe or profound hearing loss. Reports in
the literature tend to be on small samples that are rather loosely defined.
Results are probably of limited generalizability to the population of adults
with work potential. It would be valuable to have information from large
groups of adults with severe and profound hearing loss about the effec-
tiveness of conventional amplification. Data describing both laboratory
measures of speech understanding and self-reports of real-world perfor-
mance should be obtained. Basic linguistic abilities would be an impor-
tant variable in such studies. Individuals with adult-acquired hearing loss
should be investigated separately from those whose hearing losses origi-
nated in early life.

Research Recommendation 5-2. Research should be undertaken to
determine: (1) performance for hearing aid wearers with severe/profound
losses on the tests recommended in Chapter 4 of this report (monosyllabic
words in quiet and in noise); and (2) the ability of the same hearing aid
wearers to function in real work environments.

Research Recommendation 5-3. After work environments are mean-
ingfully categorized using dimensions such as typical background noise
level, noise modulation, and need for oral communication (as recom-
mended elsewhere in this report), data describing: (1) performance on
tests for SSA disability determination, and (2) performance with hearing
aids in different work environments should be combined in attempts to
develop reasonably accurate models to predict likely abilities of given
individuals to function auditorily in given jobs.

1“Efficacy” refers to whether controlled trials show a treatment effect. “Effectiveness”
refers to whether the treatment transfers well to real-world populations.
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Research Recommendation 5-4. Overall, it seems likely that ALDs
have the potential to be quite efficacious in the workplace, but they are
underutilized at this time. Because many of them are less costly to pur-
chase, adjust, and maintain and less individually specialized than either
hearing aids or cochlear implants, they could provide a cost-effective
approach to facilitating integration of some persons with hearing loss into
the workforce. The committee recommends that SSA support research
directed toward determining the benefits and cost-effectiveness of ALDs
in the workplace. It may be valuable to develop a program that facilitates
the purchase, maintenance, and promotion of ALDs by employers who
have, or could have, workers with hearing loss.
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Impact of Hearing Loss on Daily Life
and the Workplace

As people move through the activities of daily living at home, at
work, and in social or business situations, basic auditory abilities take on
functional significance. Audition makes it possible to detect and recog-
nize meaningful environmental sounds, to identify the source and loca-
tion of a sound, and, most importantly, to perceive and understand spo-
ken language.

The ability of an individual to carry out auditory tasks in the real
world is influenced not only by his or her hearing abilities, but also by a
multitude of situational factors, such as background noise, competing
signals, room acoustics, and familiarity with the situation. Such factors
are important regardless of whether one has a hearing loss, but the effects
are magnified when hearing is impaired. For example, when an indi-
vidual with normal hearing engages in conversation in a quiet, well-lit
setting, visual information from the speaker’s face, along with situational
cues and linguistic context, can make communication quite effortless. In
contrast, in a noisy environment, with poor lighting and limited visual
cues, it may be much more difficult to carry on a conversation or to give
and receive information. A person with hearing loss may be able to func-
tion very well in the former situation but may not be able to communicate
at all in the latter.

In this chapter we examine what is known about the impact of hear-
ing loss on adults as they function in daily life; the impact of hearing loss
in the workplace; the effectiveness of sensory aids, prosthetic devices,
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and assistive devices; and the implications and challenges for disability
determination.

HEARING IN DAILY LIFE
Impact of Hearing Loss for Adults

Early Versus Late Onset

It is important at the outset to distinguish between adults who have
experienced an early onset of severe or profound hearing loss and adults
whose hearing loss was acquired later in life. When hearing loss occurs at
an early age (i.e., prelingually, defined in this report as before age 2 years),
there is an impact on the development of spoken language, on reading
ability and educational attainment, and, ultimately, on employability (dis-
cussed further in Chapter 7). These persons are usually considered deaf,
and a good number may use American Sign Language or a similar sign
system as their preferred mode of communication. When hearing loss
occurs after the development of spoken language, and particularly when
it occurs slowly, as it does in aging or as the result of prolonged noise
exposure, there is a loss of functional hearing ability, but other cognitive
skills and competencies are not greatly affected. The terms “hard-of-hear-
ing” and “late deafened” are often used to describe these individuals. In
the sections that follow, we examine the impact of hearing loss in adults,
with only occasional reference to etiology or time of onset. Nevertheless,
each issue or research finding has greater relevance for one of these groups
than for the other.

Education and Employment

Communication Access. Communication access for people with hearing
loss can be described as “the right of deaf and hard of hearing people to
receive and understand information and signals presented directly . . .
and . . . the lack of barriers to, and the concomitant presence of access to,
visual or auditory communication” (Barnartt, Seelman, and Gracer, 1990,
p- 50). Individuals with hearing loss can perform as well as their counter-
parts without hearing loss when equitable educational and employment
opportunities are provided (Schroedel and Geyer, 2000). These equitable
opportunities are dependent on the individual student or worker having
access to the information necessary for learning or for getting the job
done. The nature of this communication access depends on individual
needs and the auxiliary aids available to address these needs. For ex-
ample, a deaf person who is unable to use the telephone can use a TTY or
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computer system and can communicate with hearing peers through tele-
phone or Internet relay systems. These systems provide operators who
type or, via video, sign the hearing person’s spoken words for the deaf
caller and voice the deaf person’s typed words or signed phrases for the
hearing caller.

In the educational setting, an individual with a hearing loss is most
likely to have trouble hearing what is said. In these situations, communi-
cation access is enhanced with the use of FM systems and other assistive
listening devices (see Chapter 5), computer-assisted note-taking systems,
and other accommodations. However, for various reasons, including
background noise in the classroom, communication is often less than
clear, thereby affecting access to the English language and educational
achievement. Chapter 7 discusses hearing loss in an educational setting
in greater detail.

Those with education are less likely to be in need of Social Security
Disability Insurance and Supplemental Security Income (SSI) than those
without education (Clarcq and Walter, 1997-1998). Most worrisome, how-
ever, is the 44 percent high school dropout rate among deaf students
(Blanchfield, Feldman, Dunbar, and Gardner, 2001), compared with a
general population rate of 19 percent. With high-stakes testing now be-
ing instituted by the states, the potential for this dropout rate to increase
is high.

Buchanan (1999) notes that in addition to employer resistance to hir-
ing deaf individuals, the automation of many work functions has disad-
vantaged the unskilled deaf worker. The implication here is that educa-
tion is a critical factor that facilitates occupational entry and mobility for
the deaf worker. The generally lower educational achievement of deaf
persons continues to contribute to vocational difficulties. Those who lose
their hearing later in life, and whose jobs depend on effective communica-
tion, run the risk of eventually losing their jobs if satisfactory accommo-
dations, including the provision of auxiliary aids that meet their commu-
nication needs, are not instituted.

Americans with Disabilities Act. Title V of the Rehabilitation Act of 1973
was landmark legislation enacted to address job discrimination in feder-
ally supported programs that affected qualified people with disabilities
(National Association of the Deaf, 2000). Under the Americans with Dis-
abilities Act of 1990 (ADA), which was enacted in part because of perva-
sive ongoing discrimination in the mainstream of American public life,
the removal of communication barriers (which deny information access
for individuals with hearing loss equivalent to what hearing persons
might have) became a legal right for deaf and hard-of-hearing people
(National Association of the Deaf, 2000). The legal protection of both acts
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covers individuals who can demonstrate that, even with corrective de-
vices such as hearing aids or cochlear implants, they have a substantial
impairment to a major life activity—for example, the inability to distin-
guish words due to background noise on the job. Public venues must
provide auxiliary aids or services when necessary. A comprehensive list
of auxiliary aids and services required by the ADA is included in the
corresponding regulations, with the understanding that evolving tech-
nology will create new devices.

Psychosocial Impact of Hearing Loss

Perspectives of the Deaf Community

The deaf community is defined as an entity that shares the common
goals of its members and works toward these goals (Padden, 1980). These
goals include, for example, telecommunications and entertainment ac-
cess, captioning, sign language and oral interpreting, and accommoda-
tions in the work setting. For the most part, the deaf community com-
prises individuals who have been deaf from birth or early in life (Lane,
Hoffmeister, and Bahan, 1996). Some of these individuals prefer oral com-
munication but see themselves as part of the deaf community. Most are
deaf individuals who rely on some form of signed communication or
American Sign Language and identify with Deaf Culture. These individu-
als value American Sign Language as their language, and they tend to
devalue speech when they interact with each other. Socialization with
other deaf persons is strongly emphasized, particularly through local,
state, and national associations, sports leagues, deaf clubs, religious set-
tings, and Deaf festivals (Lane et al., 1996; Padden and Humpbhries, 1988).

Within the deaf community, hearing loss is not a detriment to social-
ization; rather, it brings people with common issues together into a vi-
brant entity (Andrews, Leigh, and Weiner, 2004). As Lane, Hoffmeister,
and Bahan (1996) indicate, hearing loss as measured in decibels is not a
significant issue for those who identify with Deaf Culture as defined
above. Rather, what is significant is how deaf community members relate
to each other and how they communicate with each other. The use of
vision rather than audition to communicate, most often using sign lan-
guage, is integral to their daily living (Andrews et al., 2004). Many wear
hearing aids to alert them to environmental noises at the very least, but
audition is still not primary in their lives. While some value their previous
speech and auditory therapy to maximize spoken English abilities, others
may experience such exposure as stressful and potentially inadequate in
providing them with functional expressive and receptive spoken English
skills (Bain, Scott, and Steinberg, 2004). It must be kept in mind that most
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individuals whose hearing loss goes back to the early years of life do have
the ability to speak with varying degrees of clarity ranging from speech
indistinguishable from hearing peers to speech that is incomprehensible,
depending not necessarily on level of hearing loss, but rather on back-
ground training, ability to benefit from hearing devices, and the use of
speech (Blamey, 2003).

Generally, those identifying with Deaf Culture see sign language as
providing them with critical access to language, communication, and posi-
tive social experiences. Because they have a language acquired through
vision and a means to education, they do not see themselves as disabled
per se, although many will acknowledge having a disability regarding the
lack of hearing that entitles them to coverage under the ADA and its
provisions for more equal opportunities. Hearing disability per se is not
as much an issue for them as is the disability engendered by society’s
reluctance to accommodate to their needs by providing interpreter
services, captioning, and other means of access to communication (Lane
et al., 1996). This reluctance of society is what they see as profoundly
disabling.

Psychosocial Adjustment and Hearing Loss

The majority of those with hearing loss acquire it later in life at a time
following the acquisition of spoken language. The prevalence is particu-
larly high among those who are over 65 years of age and among those
who have been exposed to noise. Because hearing loss tends to disrupt
interpersonal communication and to interfere with perception of mean-
ingful environmental sounds, some individuals experience significant
levels of distress as a result of their hearing problems. For example, some
express embarrassment and self-criticism when they have difficulty un-
derstanding others or when they make perceptual errors. Others have
difficulty accepting their hearing loss and are unwilling to admit their
hearing problems to others. Anger and frustration can occur when com-
munication problems arise, and many individuals experience discour-
agement, guilt, and stress related to their hearing loss. These negative
reactions are also associated with reports of negative attitudes and unco-
operative behaviors of others (Demorest and Erdman, 1989).

Interestingly, the association between degree of hearing loss and psy-
chosocial adjustment to hearing loss per se is not strong (Erdman and
Demorest, 1998). Individuals with virtually identical audiograms and
clinical test results may differ greatly in their self-reported adjustment
problems. This finding is not unique to the impact of hearing loss on
psychosocial adjustment; low (negative) correlations between severity of
impairment and degree of psychosocial adjustment have been found re-

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11099.html

ecurity Benefits

168 HEARING LOSS

peatedly in the disability literature for a wide variety of health-related
problems (Shontz, 1971).

Given the high variability in how individuals adjust to their hearing
problems, it is not surprising that hearing loss does not seem to affect
basic personality structure (Thomas, 1984). Although many adults are
resilient, acquired hearing difficulties are nevertheless responsible for a
high level of general psychological distress for a significant number of
people due in part to isolation, loneliness, and withdrawal (Meadow-
Orlans, 1985). This distress, which may be manifested in heightened anxi-
ety, depression, sleep disturbance, and the like, is observed not only
among those who seek audiological evaluation, but also among those
reluctant to acknowledge a hearing problem (Hallberg and Barrenas, 1995;
Hetu, Riverin, Getty, Lalande, and St-Cyr, 1990; Hetu, Riverin, Lalande,
Getty, and St-Cyr, 1988) and among those who have already acquired
hearing aids (Thomas, 1984, 1988). This psychological distress can signifi-
cantly impact the family or significant others as well as the individual
(Schein, Bottum, Lawler, Madory, and Wantuch, 2001).

Similarly to what has been found for psychosocial adjustment, stud-
ies to date have consistently demonstrated that there is no overall associa-
tion between hearing loss and psychopathology. Rosen (1979) has con-
firmed this for individuals with acquired hearing loss, and Pollard (1994)
has confirmed it from an analysis of public mental health records on deaf
and hard-of-hearing individuals in the Rochester, New York, vicinity.
Despite this lack of association, it is important to acknowledge that psy-
chological distress can be a factor in adjustment difficulties.

Knutson et al. (1998) have investigated whether the use of cochlear
implants can affect the social adjustment of those with acquired hearing
loss. In a study of psychological change over 54 months of cochlear im-
plant use by 37 postlingually deafened adults, the researchers used stan-
dard psychological measures of affect, social function, and personality
prior to implantation, and then at regularly scheduled intervals after im-
plantation, to assess the impact of audiological benefit. There was evi-
dence of significant improvement on measures of loneliness, social anxi-
ety, paranoia, social introversion, and distress. To a lesser extent,
improvement was also noted for depression. Improvement of marital dis-
tress and assertiveness took comparatively longer to emerge. One caveat
is that because of the complexities of individual life issues and personality
attributes, it is not possible to attribute the improvement in psychological
measures solely to the influence of audiological benefits. How well the
improvement noted on self-report measures translates into actual social
and job situations has not been determined.
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Hearing in the Workplace

Prevalence of Hearing Loss in the Workplace

Although there have been numerous surveys used to estimate the
prevalence of hearing loss in the general population, there is no compa-
rable survey of prevalence in the workplace. Prevalence rates in the gen-
eral population, broken down with respect to age and gender, can be
used, with appropriate weights, to derive such estimates. For example,
according to a survey of 80,000 households in the National Family Opin-
ion (NFO) panel conducted in November 2000, 275 per 1,000 households
reported having a person with a hearing difficulty, in one or both ears,
without the use of hearing aid (Kochkin, 2001). The NFO panel is bal-
anced to reflect U.S. census information, and the survey results translate
to an estimated 28.6 million households reporting hearing loss.! Although
the age distribution reported by Kochkin leads to an estimate of 17.4
million adults of working age (18-64) in the United States, it is very diffi-
cult to estimate the numbers actually in the workplace. The disabling
outcomes of hearing loss are likely to reduce this number, but as dis-
cussed by Mital (1994), the median age of the population is increasing and
many older workers are delaying retirement for financial reasons, thereby
increasing the numbers of older adults in the workplace.?

Despite our inability to derive an estimate of the number of individu-
als with hearing loss in the workplace, it is clear that many such individu-
als function, and function quite well, despite their impairment. As noted
in Chapter 1, a great many factors influence employability and perfor-
mance, and these must be taken into account when accurate prediction of
disability for an individual is needed.

Employment Status of Adults with Hearing Loss

Educational level is a key factor in understanding the employment
status of adults with hearing loss. For those individuals with early onset
of hearing loss, the challenges for acquisition of spoken language, devel-

1Although the sampling unit for this estimate is the household, the estimate is often
reported and interpreted as the number of individuals with hearing loss. Because a given
household can have more than one individual with hearing loss, 28.6 million is probably an
underestimate of the prevalence of hearing loss in the population that was sampled. Cur-
rent estimates (see Chapter 1) are closer to 34 million individuals.

2A recent report (National Research Council, 2004) from the National Academies, Health
and Safety Needs of Older Workers, may be of interest to readers concerned with the aging
workforce and its special needs.
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opment of reading skills, and educational achievement result in limited
job opportunities. These problems, combined with needs for better career
guidance, job training, and job placement, result in poor preparation for
entering the workforce on a competitive basis (Phillippe and Auvenshine,
1985).

Positive career outcomes are statistically related to educational level,
although this relationship does not imply a causal linkage. Clarcq and
Walter (1997-1998) compared graduates of high schools for the deaf ages
28-32 with individuals who had attended or graduated from the
postsecondary National Technical Institute for the Deaf (NTID). They
found that 33 percent of the high school graduates were receiving SSI
benefits compared with 12 percent of those with some college education
and 0 percent of those who had graduated from NTID. Schroedel and
Geyer (2000) examined the long-term career attainments of deaf and hard-
of-hearing college graduates and found that most were successfully em-
ployed and satisfied with life. Many had completed graduate degrees and
were employed in white-collar positions.? Similarly, Welsh (1993) exam-
ined factors affecting the career mobility of deaf adults and recommended
that they pursue the highest degree of education possible and that they
target careers in which the demand for workers is greatest.

When hearing loss occurs during adulthood, after the completion of
formal education and after establishment of a work history or career, it
poses challenges for job performance and future job mobility. Because
these adults have already acquired the knowledge and skills needed to
perform their jobs, the difficulties they face are related to communication
barriers, such as working conditions and employer attitudes, as discussed
in the following sections.

Communication Barriers

For an individual with hearing impairment, the most obvious com-
munication problem in the workplace is the presence of background noise.
Noise is highly prevalent in industrial settings and, among workers with
noise-induced hearing loss, noise is mentioned most frequently as an
obstacle and a source of annoyance in the workplace (Hetu, 1994; Laroche,

31t is clear that many variables, such as intelligence, motivation, family support, and
academic preparation, influence which young people attend and graduate from college,
among youth with normal hearing as well as those who are deaf and hard-of-hearing.
These comparative studies did not control for such factors, but they provide evidence that,
like their hearing peers, those deaf and hard-of-hearing youth who are able to attain a
college education fare better in the world of work.
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Garcia, and Barrette, 2000). Other surveys and focus groups of workers
with hearing loss have highlighted physical aspects of the work environ-
ment, the need to use telephones or videoconferencing, the difficulty of
group communication situations, and difficulties presented by various
speaker characteristics (Laroche et al., 2000; Scherich and Mowry, 1997).

Employer attitudes are another barrier. According to the National
Association of the Deaf, “employer attitudes create the largest single bar-
rier to employment opportunities” (National Association of the Deaf, 2000,
p- 123). Schroedel and Geyer (2000) cite studies indicating that communi-
cation stress, social isolation, and unsupportive supervisors are among
the difficulties encountered by many deaf and hard-of-hearing workers.
Of concerns expressed by employers of adults with hearing loss, 62 per-
cent were communication-related and 24 percent were safety-related
(Dowler and Walls, 1996). When these concerns are addressed, employer
satisfaction tends to increase (Dowler and Walls, 1996).

Effectiveness of Sensory Aids, Prostheses, and Assistive Devices

As described in Chapter 5, there are a great many devices available
today that can restore some of the function that is lost as a result of
hearing impairment. However, most studies of the potential effectiveness
of these devices are based on laboratory or clinical research, not on assess-
ment of actual functioning in the workplace.

For persons with severe or profound hearing loss, the literature on
cochlear implants provides data showing significant restoration of func-
tion for many implant recipients. Studies have confirmed, however, that
individuals with lifelong profound deafness who undergo cochlear im-
plantation do not do as well with speech recognition as individuals with
late-onset hearing loss (e.g., Dorman, 1998), primarily because of limited
exposure to auditory experiences and limited understanding of what au-
ditory stimuli mean. Nonetheless, an increasing number of these adults
with strong ties to the deaf community are considering cochlear implants
in order to gain access to the world of sound (Christiansen and Leigh,
2002). For the most part, these individuals desire to maintain contact with
the deaf community and do not necessarily reject the values of Deaf
Culture. The level of hearing loss is important only insofar as it qualifies
them to become candidates for the surgery, if they are so inclined. After
implantation, rarely do they pick up skills such as using telephones
effectively or understanding speakers in groups and in other listening
situations.
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ADA and Accommodation

Although the ADA has mandated accommodations in the workplace,
and there are devices and other methods of accommodation that can
reduce or eliminate disability for those with hearing loss, there is evi-
dence that such accommodations are underutilized. According to results
of a series of focus groups with over 100 members of Self Help for Hard
of Hearing People (SHHH) (Stika, 1997), several factors account for this.
Lack of knowledge on the part of both employees and employers con-
cerning what is available and what is required by the ADA is one factor.
Perhaps more pervasive, however, are apprehension, concern, and anxi-
ety about the consequences of making one’s hearing loss known to others
(Glass and Elliott, 1993; Stika, 1997). Workers with hearing loss report
high levels of psychological stress associated with fears of appearing (or
being) incompetent, feelings of self-consciousness, overcompensation,
and lowered self-esteem. Indeed, Hétu and his colleagues (Hetu, Getty,
and Waridel, 1994) found that fears of stigmatization due to hearing loss
are not without foundation. Mark Ross (1994, p. xii) states that “the great-
est challenge we face regarding communication access is neither tech-
nological nor legislative, but societal attitudes toward hearing loss—
attitudes that seem to be shared fully by many people with hearing
losses.” These findings point to the need for education and intervention
both with the individual with hearing loss and with his or her coworkers
and supervisors.

DISABILITY DETERMINATION

Different Perspectives

As discussed in Chapter 1, the term “disability” has been defined in
different ways over time, and this is quite apparent in the differing ap-
proaches to disability found today. The earlier conceptualization, based
on a medical model, viewed disability as a direct consequence of impair-
ment and therefore measurement of impairment could be used, with suit-
able medical criteria, for disability determination. This approach is em-
bodied in the medical listings used by the Social Security Administration
(SSA) to determine that an individual is unable to work.

In contrast, the approach taken by the World Health Organization,
and embodied in the ADA, is based on a social model of disability. This
approach is a more positive one, in which the emphasis is on what an
individual with an impairment can do, and the capabilities the person does
have. The new emphasis is on accommodation and restructuring of the
environment so as to maximize each individual’s functioning in daily life.
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These differing perspectives on disability create challenges and ap-
parent inconsistencies in disability determination. For example, is it rea-
sonable for deaf adults to claim on one hand that they are disabled and
hence entitled to accommodations at work, while at the same time argu-
ing forcefully that hearing loss is not a disability and that the only thing a
deaf person cannot do is to hear? In the sections that follow, disability
assessment is discussed from a measurement perspective, and elements
of both of these approaches are apparent. In agreement with the social
model, however, we note that disability is usually not absolute, and that
as conditions change and accommodations are made available (and ac-
cessed), disability may be reversed.

Direct Assessment

In previous chapters the nature of hearing loss and its impact on
auditory function was described in terms of clinical tests that have proven
diagnostic value or that are assumed to assess auditory skills that are
important in daily life. Conspicuously lacking, however, are empirical
studies establishing the link between the clinical measures and perfor-
mance in natural settings. In their review of the literature on sound local-
ization, Middlebrooks and Green (1991) note that laboratory studies are
designed to isolate the effects of one particular variable, with the effects of
other factors controlled and held constant. In daily life, these factors are
free to vary and to interact, and hence generalization from the laboratory
to the real world cannot readily be made. As they state: “there is often no
evidence to indicate the importance of that cue in a more realistic setting”
(p. 136).

As discussed in Chapter 1, the social model of disability implies that
disability, as an outcome, is a function not only of the individual’s hearing
loss, but also of other factors internal and external to the individual. This
highlights the dilemma posed by trying to predict the consequences of
hearing loss that occur in daily life: the farther one moves from testing the
ear per se, the more meaningful the measure may be, but the less it is a
function of hearing ability alone. This implies that impairment in a spe-
cific auditory ability may not be strongly correlated with disability, and
indeed this has been shown to be true for the relation between degree of
hearing loss measured audiometrically and self-reported communication
function in daily life. Correlations are high enough to support the as-
sumption of a causal link between impairment and disability (as well as
the validity of the self-reports), but low enough to preclude accurate pre-
diction of disability for individuals from the auditory measures alone.

In principle, it is possible to develop clinical tests with acceptable
predictive validity, but in practice it will likely require testing conditions
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that are more representative of how the person functions in the real world.
Some of the issues that would need to be considered are binaural versus
monaural hearing, free field testing versus testing using headphones, test-
ing with more complex stimulus materials (such as real-world sounds
and sentences, connected discourse, or competing noise), and the role of
visual information and auditory-visual integration, to name just a few.

The challenge of validating clinical tests in terms of performance in
daily life is magnified by the complexity of real-world auditory environ-
ments and by the fact that clinical tests differ from those that are needed
for functional assessment. A model for the functional approach (Laroche
et al., 2003) illustrates the complexity of identifying hearing requirements
and noise environments in specific jobs. Laroche et al. used the Hearing in
Noise Test (Nilsson, Soli, and Sullivan, 1994) to screen for functional hear-
ing. First, hearing-critical tasks and locations in the workplace (the Cana-
dian Coast Guard and the conservation and protection departments of
Fisheries and Oceans Canada) were identified, and performance param-
eters for those tasks (e.g., accuracy level, distance) were determined. Noise
recordings were made in those environments, simulated in the labora-
tory, and used with normal-hearing listeners to develop a screening test.
Statistical modeling was used to derive performance tables, and the lis-
tening tests were then validated on listeners with hearing loss. In the final
stage, minimal acceptable performance criteria were established and
screening scores were determined. This comprehensive and systematic
approach, integrating theoretical and statistical models, psychometric in-
strument evaluation, and empirical determination of workplace charac-
teristics, clearly illustrates the challenges involved in direct assessment of
functional hearing abilities.

Indirect Assessment

Many forms of assessment can be considered indirect; that is, they do
not involve direct observation of target behaviors. One way, discussed in
previous chapters, is the use of a measurement on one variable (such as a
clinical test of pure-tone thresholds) to predict or estimate performance
on a different target variable (such as speech communication at work). A
strong relation between the predictor and the target validates the use of
the predictor in place of direct measurement of the target.

Another type of indirect assessment occurs when a self-report or self-
assessment is used in lieu of direct behavioral observation. This method
has been used extensively in audiology to obtain information about com-
munication problems and communication strategies that could, in prin-
ciple, be measured by direct observation. Interestingly, such instruments
have also been used to obtain direct measures of the respondent’s atti-
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tudes, beliefs, feelings, and reactions to experiences in everyday life. These
cognitive and affective variables are not directly observable and, as a
result, they are usually measured using self-reports.

A third type of indirect assessment may be termed doubly indirect.
This occurs when a self-report on one variable, or a difference between
two such reports, is used as a measure of another variable. For example,
self-reported communication with a hearing aid (an indirect measure of
aided communication) might be interpreted as measure of “health-related
quality of life” (another variable), or a change in self-reported communi-
cation problems after receiving a cochlear implant (a difference between
two indirect measures of communication) might be used as a measure of
“benefit from the implant” (another variable). These measures are quite
different from asking the individual to report on quality of life per se or
using behavioral measures of performance to evaluate benefit from the
cochlear implant. Doubly indirect assessment compounds the difficulties
in arriving at valid conclusions because of the many additional assump-
tions that must be made about the relation between the target variable
and the one actually assessed. In the sections that follow, examples of all
three types of indirect assessment can be found.

Assessment of Hearing Disability, Handicap, and Benefit from
Interventions

Efforts to assess hearing handicap and disability through self-report
questionnaires have been ongoing since publication of the Hearing Handi-
cap Scale by High, Fairbanks, and Glorig (1964) and the Hearing Mea-
surement Scale (Noble and Atherley, 1970). The essential role of self-
report in assessment of disability and handicap and the unique
perspective of the affected individual are widely acknowledged and now
generally accepted (Baldwin, 2000; Dobie and Sakai, 2001).

The earliest scales focused on self-reported abilities and difficulties
experienced by the hearing-impaired individual in daily life. The use of
terminology has been inconsistent, however, and the targeted constructs
suggested by an instrument’s name have not always been consistent with
the content of its questions or items. The Hearing Handicap Scale, for
example, contains items dealing primarily with detection of sounds and
understanding of speech—functions that today are considered aspects of
hearing disability. Similarly, early surveys of hearing aid users did not
adequately distinguish among hearing aid use, hearing aid benefit, and
satisfaction with a hearing aid. Attention to psychometric principles in
the development, evaluation, and application of self-assessment tools has
been strongly advocated (e.g., Demorest and Walden, 1984; Hyde, 2000),
and surveys and recent critical reviews of self-assessment instruments
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(e.g., Bentler and Kramer, 2000; Demorest and DeHaven, 1993; Noble,
1998) have generally been positive.

As sophistication in instrument design has increased, so has the
conceptualization of the constructs to be measured. The most dramatic
changes have occurred in the assessment of hearing aid outcomes, as
documented by a collection of eight articles devoted to that topic in two
issues of the 1999 volume of the Journal of the American Academy of Audiol-
ogy (Cox, 1999a, 1999b). Distinctions between objective and subjective
outcomes, and conceptual distinctions among hearing aid benefit, satis-
faction, and use, along with statistical analysis of their interrelationships,
have led to the conclusion that hearing aid outcomes are truly multidi-
mensional (Humes, 1999). Another important development has been the
recognition that standardized assessments, in which the same questions
are asked of all respondents, can fail to assess areas of function that are
important to the individual. Examples of personalized assessments are
the Client Oriented Scale of Improvement (COSI) (Dillon, Birtles, and
Lovegrove, 1999) and the Glasgow Hearing Aid Benefit Profile (GHABP)
(Gatehouse, 1999).

Quality of Life. Among the most popular approaches to outcomes assess-
ment has been the attempt to measure a global outcome called “quality
of life.” Quality of life is a concept that encompasses physical, social,
psychological, and environmental aspects of an individual’s life. In the
social and medical sciences, the concept has defied precise and distinct
conceptualization (Rogerson, 1995), and operational definitions range
from health economists” quality-adjusted life years (QALY) to scores on
disease-specific self-report questionnaires. In Rogerson’s conceptualization,
environmental and health-related quality of life are each viewed as a
sense of satisfaction and well-being that is multiply determined: by ex-
ternal factors and their characteristics and by the characteristics of the
individuals themselves. Palmore and Luikart (1972), Flanagan (1978),
and Bowling (1995) have taken an empirical approach to determining
what is most important to adults in the general population. Their studies
revealed similar factors, with health (both one’s own and that of signifi-
cant others) high on the list and physical welfare/finances/standard of
living also in the top five. Bowling reported that “relationships with
family and relatives” was the most frequently mentioned and most fre-
quently first-ranked item.

Health-Related Quality of Life. Given the impact of hearing loss on commu-
nication and interpersonal functioning and the importance of interper-
sonal relationships in determining quality of life, it is not surprising that
there has been significant interest in incorporating health-related quality-
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of-life measures into the diagnosis of rehabilitative needs of persons with
hearing loss and the evaluation of rehabilitative interventions. In a causal
chain that begins with hearing loss and its effects on disability and handi-
cap (World Health Organization, 1980), quality of life is an ultimate state
or outcome that is a function of all three (Ebrahim, 1995). As might be
expected, issues of conceptualization and operational definition have been
no less difficult in audiology than in other behavioral domains.

Global measures of health-related quality of life (HRQL) serve several
purposes, both at a population level and at an individual level. Clinically,
they may be useful in diagnosis of disease, assessment of prognosis, treat-
ment outcome evaluation, and determination of etiology (Ebrahim, 1995).
Examples of global HRQL instruments include the Self Evaluation of Life
Function (SELF) scale (Linn and Linn, 1984), the Sickness Impact Profile
(Bregner, Bobbitt, Carter, and Gilson, 1981), the EuroQOL (The EuroQol
Group, 1990), the Medical Outcomes Study Short Form 36 (SF-36) (Ware
and Sherbourne, 1992), the World Health Organization’s WHOQOL
(1993), and the Dartmouth COOP Functional Health Assessment (Nelson,
Wasson, Johnson, and Hays, 1996).

There is evidence of an association between some global quality-of-
life scales and degree of hearing loss. Bess, Lichtenstein, Logan, Burger,
and Nelson (1989) found a systematic relation between degree of hearing
impairment and scores on the physical, psychosocial, and overall scales of
the Sickness Impact Profile. Similarly, Dalton et al. (2003) have reported
that hearing loss, self-reported hearing handicap, and communication
difficulties were associated with small but significant differences in qual-
ity of life, as measured by the SF-36.

Despite the attractiveness of having such global measures, their use-
fulness has been questioned on conceptual and psychometric grounds
(Ebrahim, 1995), and they have not been found to be sufficiently sensi-
tive to detect clinically meaningful changes in adults with hearing loss.
Bess (2000) reviewed studies that used the Sickness Impact Profile, the
SELF, the SF-36, and the Dartmouth COOP Functional Health Assess-
ment to evaluate the outcomes of hearing-aid fitting, often in conjunction
with more communication-specific assessments. The benefits of amplifi-
cation were typically found on the latter measures but not on the more
general quality-of-life measures. This lack of sensitivity is understand-
able, given the myriad factors that influence outcomes far removed from
the causal agents one wishes to evaluate. Perhaps for this reason, Ebrahim
concludes that measures of impairment, disability, and handicap have
advantages over global health-related quality-of-life measures for clinical
purposes. Disease-specific instruments that are grounded in an under-
standing of predictable disease consequences and precise treatment out-
come goals afford greater potential, ipso facto, of being sensitive to treat-
ment effects.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11099.html

ecurity Benefits

178 HEARING LOSS

Appropriate Uses of Self-Assessment Instruments

Self-assessment scales have been used widely in research and in clini-
cal settings. Scales focusing on disability and handicap have been used
successfully to evaluate the need for audiological rehabilitation and to
measure the outcomes of treatment interventions, such as hearing aids,
cochlear implants, and specific rehabilitation programs. Such uses are
appropriate when there is psychometric evidence of the tests’ validity for
these purposes. However, despite the considerable progress that has been
made in the conceptualization and assessment of hearing disability and
handicap (as defined by the World Health Organization), these measure-
ments have little to offer in disability determination as defined by SSA.
When a client seeks treatment for a hearing loss, it is usually assumed that
symptoms are reported conscientiously. In contrast, when assessment is
conducted for purposes of determining compensation, there is an inher-
ent conflict of interest, and self-reports cannot be used with confidence
(Dobie, 1996).

What, then, is the role of self-assessed disability or handicap in a
compensation context? Dobie and Sakai (2001) argue that direct measure-
ment of disability and handicap through self-report constitutes a gold
standard, but that surrogate measures must be used in contexts in which
compensation is involved. Despite the fact that audiometric measures of
pure-tone threshold and speech recognition are imperfectly correlated
with disability /handicap, they argue that these (more objective) mea-
sures can serve as surrogates in a compensation context. Moreover, based
on the available data, they find insufficient evidence to support a change
from the 1979 AAO-HNS/AMA (American Medical Association, 2001)
method of estimating hearing handicap. Research is needed to more fully
understand the relations and interactions among objective measures of
hearing abilities, demographic and psychological factors, and self-re-
ported communication outcomes and to evaluate the unique contribution
of hearing loss among these other influences.

RECOMMENDATIONS

Disability Determination

The committee examined the use of self-reports and concludes that
self-reports should not be used as criteria for disability determination. In
clinical settings, there is little motivation for exaggeration of problems,
but in the context of disability determination, conflict of interest poses a
serious threat to the validity of self-reports.

The committee examined the potential usefulness of quality of life as
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an outcome variable. First, because quality of life is assessed through self-
report, the conflict of interest that arises with all self-reports in disability
determination applies equally to measures of quality of life. In addition,
the committee concludes that definitions of quality of life, including
health-related quality of life, are not sufficiently precise for such assess-
ments to provide useful outcome measures. Finally, the labeling of hear-
ing-related self-assessments as measures of quality of life is to be discour-
aged, as it is a doubly indirect form of assessment.

Self-reports can provide valuable, albeit indirect, information about
an individual’s functioning in daily life. For this reason, they can and
should be used as outcome measures in predictive validation studies that
do not involve claimants.

Tests that purport to measure or predict functional hearing ability in
daily life must be validated against real-world criteria measured in natu-
ral settings. Validation in a simulated test environment is appropriate if a
strong relation between the simulated and naturalistic settings can be
demonstrated or assumed.

Research Recommendation

Research Recommendation 6-1. Research is needed on the preva-
lence of hearing loss in the workplace and on its effects on worker perfor-
mance. In conjunction with this, the effectiveness of workplace accommo-
dations, including devices and other types of accommodation, needs to be
established.
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Hearing Loss in Children

Spoken communication is uniquely human. If the sense of hearing is
damaged or absent, individuals with the loss are denied the opportunity
to sample an important feature of their environment, the sounds emitted
by nature and by humans themselves. People who are deaf or hard-of-
hearing will have diminished enjoyment for music or the sound of a
babbling brook. We recognize that some deaf and hard-of-hearing chil-
dren are born to deaf parents who communicate through American Sign
Language. Without hearing, these children have full access to the lan-
guage of their home environment and that of the deaf community. How-
ever, the majority of deaf and hard-of-hearing children are born to hear-
ing parents. For these families, having a child with hearing loss may be a
devastating situation. The loss or reduction of the sense of hearing im-
pairs children’s ability to hear speech and consequently to learn the intri-
cacies of the spoken language of their environment. Hearing loss impairs
their ability to produce and monitor their own speech and to learn the
rules that govern the use of speech sounds (phonemes) in their native
spoken language if they are born to hearing parents. Consequently, if
appropriate early intervention does not occur within the first 6-12 months,
hearing loss or deafness, even if mild, can be devastating to the develop-
ment of spoken communication with hearing family and peers, to the
development of sophisticated language use, and to many aspects of edu-
cational development, if environmental compensation does not occur.

Hearing loss can affect the development of children’s ability to en-
gage in age-appropriate activities, their functional speech communication
skills, and their language skills. Before we consider the effects of hearing
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loss on this development, we will review briefly the extensive literature
on the development of speech and language in children with normal
hearing. Although the ages at which certain development milestones oc-
cur may vary, the sequence in which they occur is usually constant
(Menyuk, 1972).

This chapter discusses the nature of the emergence of communication
skills in normally hearing children as well as the unique effects of early
hearing loss and deafness on this process for infants and children. We
give details of the special nature of assessments and rehabilitation strate-
gies appropriate for infants and children with hearing loss and finally
discuss how considerations for disability determination need to be tai-
lored to the special needs of this population.

DEVELOPMENT OF PERCEPTION,
SPEECH PRODUCTION, AND LANGUAGE

Children with Normal Hearing

Speech Skills

Infants begin to differentiate among various sound intensities almost
immediately after birth and, by 1 week of age, can make gross distinctions
between tones. By 6 weeks of age, infants pay more attention to speech
than to other sounds, discriminate between voiced and unvoiced speech
sounds, and prefer female to male voices (Nober and Nober, 1977).

Infants begin to vocalize at birth, and those with normal hearing pro-
ceed through the stages of pleasure sounds, vocal play, and babbling until
the first meaningful words begin to occur at or soon after 1 year of age
(Bangs, 1968; Menyuk, 1972; Quigley and Paul, 1984; Stark, 1983). Speech-
like stress patterns begin to emerge during the babbling stages (Stark,
1983), along with pitch and intonational contours (Bangs, 1968; Quigley
and Paul, 1984; Stark, 1983).

According to Templin (1957), most children (75 percent) can produce
all the vowel sounds and diphthongs by 3 years of age; by 7 years of age,
75 percent of children are able to produce all the phonemes, with the
exception of “r.” Consonant blends are usually mastered by 8 years of
age, and overall speech production ability is generally adult-like by that
time (Menyuk, 1972; Quigley and Paul, 1984).

Language Skills

Language studies have described vocabulary and grammatical devel-
opment of children with normal hearing. Studies of grammatical devel-
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opment have focused on both word structure (e.g., prefixes and suffixes),
termed “morphology,” and the rules for arranging words into sentences,
termed “syntax.” Vocabulary development up to young adulthood is esti-
mated at roughly 1,000 word families per year, with vocabulary size esti-
mated at approximately 4,000-5,000 word families for 5-year-olds and
20,000 word families for 20-year-olds (see Schmitt, 2000, for discussion).
A word family is defined as a word plus its derived and inflectional
forms. Most morphological and syntactic skills are fully developed by the
age of 5 years, and grammatical skills are fully developed by age 8 (Nober
and Nober, 1977). By age 10 to 12, most children with normal hearing
have reached linguistic maturity (Quigley and Paul, 1984). In summary,
by age 4!/, years, children with normal hearing are producing complex
sentences. Although a majority of the speech sounds in English are mas-
tered by age 4, and most of the grammatical categories by age 5, it is not
until age 8 that a normally hearing child has fully mastered grammar and
phonology and has an extensive vocabulary (Nober and Nober, 1977).

Children with Hearing Loss

A review of speech and language development in children with hear-
ing loss is complicated by the heterogeneity of childhood hearing loss,
such as differences in age at onset and in degree of loss; we review these
complicating factors separately following a more general overview. Men-
tal and physical incapacities (mental retardation, cerebral palsy, etc.) may
also coexist with hearing loss. Approximately 25-33 percent of children
with hearing loss have multiple potentially disabling conditions (Holden-
Pitt and Diaz, 1998; McCracken, 1994; Moeller, Coufal, and Hixson, 1990).
In addition, independent learning disabilities and language disabilities
due to cognitive or linguistic disorders not directly associated with hear-
ing loss may coexist (Mauk and Mauk, 1992; Sikora and Plapinger, 1994;
Wolgemuth, Kamhi, and Lee, 1998). For example, Holden-Pitt and Diaz
(1998) reported the following incidences of additional impairments in a
group of children with some degree of hearing loss:

1. blind/uncorrected vision problem (4 percent),
2. emotional/behavioral problem (4 percent),

3. mental retardation (8 percent), and

4. learning disability (9 percent).

The coexistence of other disabilities with hearing impairment may
impact the way in which sensory aids are fitted or the benefit that chil-
dren receive from them (Tharpe, Fino-Szumski, and Bess, 2001). A recent
technical report from the American Speech-Language-Hearing Associa-
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tion stated that pediatric cochlear implant recipients with multiple im-
pairments often demonstrate delayed or reduced communication gains
compared with their peers with hearing loss alone (American Speech-
Language-Hearing Association, 2004).

In this chapter, we focus on speech and language development in
children with prelingual onset of hearing loss (before 2 years of age)
without comorbidity. However, it should be kept in mind that the pres-
ence of multiple handicapping conditions may place a child at greater risk
for the development of communication or emotional disorders (Cantwell,
as summarized by Prizant et al., 1990). In addition, these children may
require adaptations to standard testing routines to accommodate their
individual capacities.

Natural acquisition of speech and spoken language is not often seen
in individuals with profound hearing loss unless appropriate interven-
tion is initiated early. One of the primary goals in fitting deaf or hard-of-
hearing children with auditory prostheses (hearing aid or cochlear im-
plant) is to improve the ease and the extent to which they can access and
acquire speech and spoken language. It should be kept in mind that the
children under discussion typically are not born to deaf parents; those
children may acquire American Sign Language as their native language.

Speech Skills

Speech and voice characteristics of persons who are deaf or hard-of-
hearing are generally acknowledged to differ significantly from those of
individuals with normal hearing (Abberton and Fourcin, 1975; Hood and
Dixon, 1969; Monsen, 1974, 1978, 1983b; Monsen and Engebretson, 1977;
Monsen, Engebretson, and Vemula, 1978, 1979; Nickerson, 1975; Nober
and Nober, 1977; Stark, 1983; Wirz, Subtelny, and Whitehead, 1981). A
congenital or prelingually acquired hearing loss reduces the intelligibility
of talkers who are deaf or hard-of-hearing and impairs the production
and tonal aspects of their speech (John and Howarth, 1965; Markides,
1970; McGarr and Osberger, 1978; Monsen, 1979; Osberger and Levitt,
1979; Smith, 1975).

Difficulties with speech sound production include problems with
the articulation of vowels and consonants, such as substitutions, distor-
tions, and omissions (Hudgins and Numbers, 1942; Zimmerman and
Rettaliata, 1981); excessive use of a neutral vowel, such as schwa (/3/),
the unstressed vowel sound in the second syllable of the word “kitten”
(Markides, 1970); lack of adequate differentiation between various vow-
els (Angelocci, Kopp, and Holbrook, 1964; Levitt and Stromberg, 1983);
and failure to differentiate between voiced and voiceless consonant
sounds, for example “b” and “p” (Calvert, 1962; Monsen, 1976; White-
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head, 1983). These problems are accompanied by a significantly slowed
rate of general speech sound awareness (phonological development) in
children with hearing loss (Subtelny, 1983). Although many talkers who
are deaf or hard-of-hearing can correctly produce phonemes in isolation,
they may still be unable to smoothly combine the phonemes in connected
speech. Thus, reduced speech intelligibility can result.

Language Skills

Vocabulary knowledge in children with hearing loss may be age ap-
propriate or reduced, with results showing large variability (Gilbertson
and Kamhi, 1995; Seyfried and Kricos, 1996; Yoshinaga-Itano, 1994). In
general, however, the rate of vocabulary growth is slowed, and may pla-
teau prematurely (Briscoe, Bishop, and Norbury, 2001; Carney and
Moeller, 1998; Davis, 1974; Davis, Elfenbein, Schum, and Bentler, 1986;
Moeller, Osberger, and Eccarius, 1986). Word entries may have less
breadth or flexibility of meaning (Moeller et al., 1986; Yoshinaga-Itano,
1994). In particular, nonliteral or abstract word usage may be impover-
ished. The dynamic time course of accessing the meanings of words may
also be slowed (slowed lexical retrieval) in children with hearing loss,
although again, large unpredictable variability among individuals occurs
(Jerger, Lai, and Marchman, 2002). In concert with vocabulary develop-
ment, grammatical knowledge is also reduced in children with hearing
loss.

For example, in a sentence construction task, 14-year-old children
who were deaf or hard-of-hearing performed similarly to 6- to 8-year-old
children with normal hearing (Templin, 1966). In spoken language
samples, the sentences of children who were deaf or hard-of-hearing
were of shorter lengths with simpler sentence constructions and syntax
(Brannon and Murray, 1966; Seyfried and Kricos, 1996). Sentences in the
passive voice were not successfully comprehended or produced by about
half of 17- to 18-year-old children who were deaf or hard-of-hearing
(Power and Quigley, 1973). In studies of the morphological rules for
different types of suffixes (e.g., -s as in sings and -er as in singer), chil-
dren who are deaf or hard-of-hearing generally show inferior perfor-
mance (Bunch and Clarke, 1978; Cooper, 1967; Elfenbein, Hardin-Jones,
and Davis, 1994). The extent to which specific language skills are delayed
versus deviant in the presence of childhood hearing loss continues to be
pursued. It should also be noted that language proficiency is a strong
predictor of reading achievement (Carney and Moeller, 1998). Thus, age-
appropriate literacy skills typically are not observed in children with
hearing loss and language problems.
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Complicating Factors

One factor that influences the extent to which speech and language
development is affected by hearing loss is the child’s age when the loss
occurs. Auditory deprivation early in life has serious consequences for
subsequent development (Davis, 1965). In general, children with early,
prelingual hearing losses more frequently display deficits in the respira-
tory, articulatory, and phonatory aspects of speech (Binnie, Daniloff, and
Buckingham, 1982; de Quiros, 1980; Itoh, Horii, Daniloff, and Binnie, 1982;
Nober and Nober, 1977). Three important periods for onset of hearing
loss have been described by de Quiros (1980). Children whose hearing
loss occurs during the first 2 years of life are considered prelingually
deafened. If profound deafness occurs prior to 2 years of age and inter-
vention is delayed, speech can be severely disturbed. Hearing losses that
occur between ages 2 and 5 will result in the loss of speech skills unless
appropriate sensory aids and aural rehabilitation are provided. Finally,
de Quiros suggests that deafness occurring after age 5 can result in appro-
priate articulation; however, good articulation skills may deteriorate if
sensory input is not reestablished with amplification. Again, these detri-
mental outcomes may be ameliorated if the child is provided with a sen-
sory aid that can provide auditory access to the acoustic properties of
speech.

Age at onset of hearing loss is not the only important prognostic
indicator for speech and language development in children who are deaf
or hard-of-hearing. A second critical factor is the degree of hearing loss. In
a classic study, Hudgins and Numbers (1942) described an inverse rela-
tionship between articulatory errors and audiometric scores. Other au-
thors have suggested that speech intelligibility decreases as the degree of
hearing loss increases (Jensema, Karchmer, and Trybus, 1978; McGarr
and Osberger, 1978; Monsen, 1983a). Similarly, Quigley and Paul (1984)
reported that deficits in language comprehension and usage increase with
degree of hearing loss. In spite of this overall trend, however, a general
finding is that degree of hearing loss cannot perfectly predict speech and
language abilities in individual children (Davis et al., 1986; Gilbertson
and Kambhi, 1995; Mayne, Yoshinaga-Itano, and Sedey, 1998; Seyfried and
Kricos, 1996).

Unilateral Hearing Loss

A study published in 1998 estimated that the prevalence of unilateral
hearing loss in school-age children ranged from 6.4 to 12.3 per 1,000 and
at that time there were 391,000 school-age children with unilateral hear-
ing loss (Lee, Gomez-Marin, and Lee, 1998). There is a pervasive misun-
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derstanding that unilateral hearing loss is of no consequence and that this
problem can be disregarded. Consequently, children with unilateral hear-
ing loss often receive no direct intervention, such as amplification or thera-
peutic services. However, research now has shown that children with
unilateral hearing loss are disadvantaged. In particular, children with
unilateral hearing loss have difficulty in understanding speech in noisy
environments and are deficient relative to their peers in localization of a
sound source (Bess, Tharpe, and Gibler, 1986). Another study found that
32 percent of children in a cohort with unilateral hearing loss failed a
grade in school and were significantly delayed in language compared
with a matched group of children with normal hearing (Klee and Davis-
Dansky, 1986).

Age at Intervention

Because speech and language develop rapidly during the early years
in children’s lives (up to age 5), the importance of early intervention,
including suitable amplification or cochlear implantation, can be seen. It
is generally agreed that such intervention procedures are most effective
when initiated as early as possible after the identification of the hearing
loss (Silverman, 1983). According to Ling (1979), the motor skills required
for speech can be learned at any time, but they are most likely to be
transferred to the spontaneous level if children have not developed firmly
established error patterns. Intervention techniques should be initiated at
an early stage and should mirror the pattern of development in children
with normal hearing (Ling, 1979).

EFFECTS OF HEARING LOSS ON LITERACY AND EDUCATION

Recent data from the Gallaudet Research Institute’s annual survey
indicate that approximately 51.2 percent of children and youth with hear-
ing loss are white, 15.4 percent black, 24.5 percent Hispanic, 4.3 percent
Asian-Pacific Islander, and 0.8 percent American Indian, with the rest
falling under the “other” or multiethnic categories (Gallaudet Research
Institute, 2002). About 54 percent are male and 46 percent are female. This
survey represents a database of roughly 60 percent of children in the
United States who are deaf and hard-of-hearing and is based on reports
from educational programs in which these children are enrolled
(Karchmer and Mitchell, 2003). Current racial/ethnic proportions now
mirror those found in the United States (Holden-Pitt and Diaz, 1998).

The following is a condensation of information presented by Karchmer
and Mitchell (2003). In terms of educational placement, 31.7 percent are in
regular education settings, 12.6 percent are in resource rooms in these
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settings, 27.5 percent are in self-contained classrooms in regular educa-
tion settings, 24.7 percent are in specialized schools, and the rest of the
children (3.5 percent) are in other types of settings. In essence, two-thirds
of all such children are now receiving at least some academic instruction
in a regular classroom. Slightly more than 90 percent come from homes
where only one spoken or written language (primarily English or Span-
ish) is used regularly. Self-contained educational settings have a larger
percentage (almost 25 percent) of students from Spanish-speaking homes,
almost twice the percentage found in the other three settings taken in
aggregate. Special schools tend to enroll children with profound hearing
impairments while self-contained classrooms serve students across the
hearing spectrum, and regular school settings serve mostly those with
less than severe degrees of hearing loss. The primary communication
mode in educational settings is strongly related to degree of hearing loss.
Specifically, those with profound losses are typically educated in pro-
grams that use signing or signing with speech, while students with milder
hearing losses are most typically in speech-based programs. Students in
regular education settings are least likely to have additional disabilities.

With regard to academic achievement, children who lose their hear-
ing after learning English generally achieve higher scores on standard-
ized tests, including reading, than those with hearing loss at younger
ages. The exception is deaf children of deaf parents, who tend to have
higher English-language achievement scores than those with limited ac-
cess to linguistic interaction both inside and outside the home. It is impor-
tant to keep in mind, however, that the range of results is considerable.
Mathematics performance, while higher than for language-based achieve-
ment, is not equivalent to that for hearing peers.

In addition, students with hearing loss tend to demonstrate the same
relative academic performance differences as their hearing peers across
racial and ethnic groups. Karchmer and Mitchell (2003) emphasize the
confound between race/ethnicity and lower socioeconomic status (SES),
which makes it difficult to identify the impact of SES for students who are
deaf and hard-of-hearing. Sex differences are minimal.

In the recent past, it has been reported that the vast majority of per-
sons educated in deaf schools (95 percent) reach a reading age of only 9
years (Stern, 2001; Traxler, 2000). Reading achievement scores are reduced
even for students with minimal sensorineural hearing loss (Bess, Dodd-
Murphy, and Parker, 1998). Reading deficits are exacerbated by reduced
vocabulary, as previously discussed. More important, however, are deaf
children’s deficits in phonological awareness. This is a crucial skill in the
development of sound-symbol associations and consequently in reading
ability. Paul (2003) emphasizes that deaf readers who use phonological
codes for processing print do better than those who use nonphonological
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codes. Consequently, access to phonological information is critical. Read-
ing and generalized linguistic difficulties can also be manifested in defi-
cits in other areas of academics, including mathematics (Hyde,
Zevenbergen, and Power, 2003) and science (McIntosh, Sulzen, Reeder,
and Kidd, 1994).

Although children are not in the workforce, they do spend consider-
able time in school. It is known that poor classroom acoustics (Acoustical
Society of America, 2000) exacerbate difficulties in development of speech
perception and eventually contribute to language and cognitive problems
(Nelson, Soli, and Seltz, 2002). Perceptual difficulties in children due to
poor classroom acoustics are especially challenging for children with even
mild to moderate hearing loss (Bess et al., 1998), especially if English is
not their primary language (Nelson et al., 2002). Poor classroom acoustics
can result from too much noise intruding into the classroom from outside,
leading to a poor signal-to-noise ratio for speech communication (Soli and
Sullivan, 1997). Many classrooms also are poorly designed in terms of
controlling for reverberation time (Knecht, Nelson, Whitelaw, and Feth,
2002). As explained earlier, reverberation time is a measure of the amount
of time that a sound remains in the room after the original sound source
has ceased, due to the reflections within the room (Acoustical Society of
America, 2000). Long reverberation times mean that sounds already pro-
duced can interfere with newly produced sounds, leading to low speech
intelligibility. It is known that normally hearing children’s auditory pro-
cessing capabilities are adversely affected by long reverberation times
(Johnson, 2000; Litovsky, 1997). Children with hearing loss are at risk in
their ability to understand spoken communication in many schools. This
difficulty can lead to reduced language and cognitive development.

A clinical entity known as central auditory processing disorder
(CAPD) is a dysfunction in perceiving auditory signals that is not attrib-
uted to peripheral hearing loss (McFarland and Cacace, 1995). CAPD is
believed to subsume specific language and reading disabilities in school-
age children. The area of CAPD assessment and remediation is not con-
sidered in this report, because this disability by definition is not attrib-
uted to hearing impairment. Children suspected of this disorder would
be evaluated more appropriately in the domain of developmental
disabilities.

In summary, even mild hearing loss places children at risk for speech,
language, and educational problems. A view expressed in the literature,
however, is that strong familial support and early enrollment in high-
quality intervention programs can increase the chances of successful
speech and language outcomes in the presence of childhood hearing loss
(Moeller, 2000; Yoshinaga-Itano and Apuzzo, 1998a, 1998b; Yoshinaga-
Itano, Sedey, Coulter, and Mehl, 1998). Appropriate early intervention,
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for example, educational intervention, hearing aids, or cochlear implanta-
tion, can help to improve the performance of deaf children in areas of
language and academic performance (Boothroyd and Boothroyd-Turner,
2002; Tomblin, Spencer, and Gantz, 2000). Next we turn to diagnosing
and quantifying hearing loss in infants and children.

INFANT HEARING SCREENING

Hearing loss in infants is not obvious, and without specific measures
to test for the condition it will go undetected for a significant period of
time. As recently as 1996, the average age of identification of hearing loss
in the United States was 30 months (Harrison and Roush, 1996). The
means to evaluate infants for hearing loss with clinical tools, such as
auditory brainstem response (ABR) and otoacoustic emissions (OAEs)
have emerged in the past 20 years. However, until recently newborn hear-
ing loss screening programs have existed in only a few hospitals for high-
risk infants. In 1993, the National Institute on Deafness and Other Com-
munication Disorders (NIDCD) of the National Institutes of Health issued
a consensus statement (National Institutes of Health, 1993) calling for
screening of all infants for hearing loss by 3 months of age. By 2000, the
American Academy of Pediatrics (1999, 2000) endorsed universal new-
born hearing screening for all infants prior to hospital release. Currently
all 50 states have legislation either passed or pending to mandate univer-
sal newborn hearing screening, or they are conducting screening for most
newborns without legislation.

Neonatal hearing screening programs have proven effective as the
first step in early identification of infants with congenital hearing loss.
These programs identify infants at risk for a mild or more serious hearing
loss. It is important to note that screening identifies only which infants are
in need of a more complete assessment to determine if hearing loss exists.
Infants failing this screening require a diagnostic audiological assessment
by a qualified audiologist to confirm the presence of hearing loss and
determine the exact type and degree of hearing loss in each ear. Results of
the diagnostic evaluation are used to determine the degree of disability,
to determine eligibility for rehabilitation programs and financial assis-
tance, and to form the basis for fitting of amplification and placement in
appropriate educational settings.

Although the screening process for newborn hearing loss is excellent,
it is not perfect. Children with mild hearing loss or hearing loss in re-
stricted frequency regions may pass the screening. Some children de-
velop significant permanent hearing loss after the newborn period, which
is not detected by the screening. Infants with neural hearing loss, such as
auditory neuropathy, will pass a screening if an OAE test alone is used for
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screening (Sininger, 2002). Infants with late-onset hearing loss will be
missed in the newborn screening; and constant surveillance is needed by
the medical community to find these infants and begin remediation as
soon as possible (Joint Committee on Infant Hearing, 2000).

The screening and diagnostic testing process is designed to expedite
intervention for children with hearing loss and maximize the opportunity
to provide audition during critical learning periods (Sininger, Doyle, and
Moore, 1999; Yoshinaga-Itano et al., 1998). The goal of early hearing de-
tection and intervention programs is to identify hearing loss and begin
intervention including fitting of hearing aids at or before 6 months of age.

Assessment of hearing loss in infants requires age-appropriate proce-
dures. Infants under 6 months of age cannot give an accurate response to
sounds at threshold levels, regardless of their ability to detect them. These
infants require an audiological test battery based on objective physiologi-
cal tests that reveal threshold-level responses, as well as information re-
garding the functioning of the peripheral auditory system.

AUDIOMETRIC DIAGNOSTIC EVALUATION

General agreement exists in the United States regarding the essential
elements of an appropriate protocol for diagnostic audiological assess-
ments of infants and young children. An audiologist with appropriate
state licensure or equivalent credentials must perform such assessments.
The complete battery includes a history and parent interview, evaluation
of middle ear function, OAE testing, and an age-appropriate assessment
of auditory behaviors. The core of the diagnostic evaluation protocol is an
estimate of audiometric thresholds using auditory brainstem response or
other proven electrophysiological assessment with frequency-specific
stimuli. According to the American Academy of Pediatrics (2000, p. 804):

Audiologists providing the initial test battery to confirm the existence of
a hearing loss in infants must include physiological measures and devel-
opmentally appropriate behavioral techniques. . . For infants birth to six
months of age, the test battery . . . must contain an electrophysiological
measure of threshold such as ABR or other appropriate electrophysio-
logical test using frequency-specific stimuli.

Threshold Audiometry

Unlike vision, human auditory sensitivity is adult-like within a few
days of birth (Adelman, Levi, Linder, and Sohmer, 1990; Klein, 1984;
Sininger, Abdala, and Cone-Wesson, 1997). Consequently, hearing loss
degree and configuration are judged by the same standards for newborns
as for adults.
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The basic hearing evaluation for persons of any age is the pure-tone
audiogram. Thresholds are also measured using speech stimuli. Estab-
lishing thresholds for tonal and speech stimuli by air and bone conduc-
tion using standard adult procedures is possible with children who have
a developmental age of 4-5 years. Prior to that age, procedures must be
modified to meet developmental demands. For all pediatric assessments,
multiple-procedure test batteries are recommended to ensure the consis-
tency of results.

Pure-tone or frequency-specific threshold tests in infants and chil-
dren are classified either as physiological tests, in which a response is
determined by some objectively measured change in physiological status,
or behavioral tests, in which an overt response is elicited from children in
response to sound and their responses are judged by an audiologist. Physi-
ological tests do not actually measure perception of sound but can gener-
ally predict hearing thresholds or the range of hearing with a great deal of
precision. The most valuable of these tests for threshold prediction for
infants less than 6 months old is the ABR. A promising but as yet less
proven technique for threshold prediction in these very young children is
the auditory steady-state response (ASSR). Other physiological measures
that correlate with hearing levels and support the test battery include
tympanometry, acoustic middle ear muscle reflex, and OAEs.

Behavioral threshold tests for children under 5 are classified in Table
7-1. It is generally assumed that reliable behavioral responses to sound in
infants under the developmental age of 6 months will be suprathreshold.
By 6 months of age, normally developing children can be trained to re-
spond to threshold-level stimuli using an operant conditioning paradigm
known as visual reinforcement audiometry (VRA). Consequently, before

TABLE 7-1 Behavioral Tests of Hearing Threshold

Developmental

Age Test Description Accuracy

0-6 months Behavioral Systematic observation Response is
observation of behaviors in response suprathreshold
audiometry to sound

6 months- Visual Conditioned response to Thresholds

2 years reinforcement head-turn reinforced by obtained
audiometry visual stimulus

2-5 years Play audiometry; Test involves a game or Thresholds
tangible tangible reinforcement obtained
reinforcement for correct response
audiometry
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6 months of age, audiometric thresholds must be inferred from physi-
ological tests such as ABR.

However, during the 0- to 6-month age period, it is possible to obtain
unconditioned responses to sound, such as a change in sucking behavior,
startle reflex, or eye widening. This test paradigm is known as behavioral
observation audiometry (BOA). These responses will be suprathreshold
and cannot rule out mild or moderate hearing loss. BOA is nonetheless a
valuable part of the test battery for infants under age 6 months to substan-
tiate overall impressions.

Children with normal vision at the developmental level of typical 6-
month-olds naturally turn their heads to find the source of an interesting
sound. VRA takes advantage of that fact by reinforcing head turns with a
pleasant visual stimulus, usually an animated toy that is lit to become
visible for a short time following a head turn that is time-locked to the
presentation of an auditory stimulus. Tones and speech can be used. The
test must be administered quickly after appropriate conditioning to main-
tain the child’s interest. A variety of visual reinforcers can be used to elicit
head turns in response to near-threshold level stimuli. VRA can be ad-
ministered using insert earphones for an ear-specific response or with a
bone-conduction vibrator. If a child will not tolerate earphones, the stimuli
can be presented through a speaker into the sound field of a sound-treated
chamber. This procedure limits the conclusions of the tests to hearing in
the better ear and cannot determine a unilateral hearing loss. Generally,
normally hearing 6-month-old infants will respond to stimuli of 20 dB HL
or better (Widen and O’Grady, 2002).

VRA may no longer hold the interest of children who have reached
the developmental status of a 2-year-old. In that case, the children’s inter-
est can usually be maintained by involving them in a play activity. Play
audiometry involves making a game of hearing sounds. Children respond
to the sound presentation, for example, by dropping a block into a bucket
or stacking a ring on a peg. Devices are available that dispense a tangible
reward, such as a piece of candy or a token, when an appropriate re-
sponse to sound is given. This is known as tangible reinforcement audi-
ometry (TROCA). As long as the interest of the child can be maintained,
these techniques will yield accurate audiometric threshold evaluations.

Otoacoustic Emissions

OAE tests are described in detail in Chapter 3. The objective nature of
these measures and the ease with which they generally can be obtained
make OAEs ideal for assessment of cochlear function in infants, toddlers,
and all cooperative children. These measures are used in newborn hear-
ing screening because the presence of a response can be interpreted as
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indicating normal cochlear function sufficient to indicate hearing levels
generally better than 30 to 40 dB. These levels correspond to no more than
mild hearing loss and are in line with screening levels for newborns.

As emphasized in Chapter 3, OAEs used to assess children must be
used in a test battery to avoid common pitfalls. The presence of an OAE
alone does not indicate normal hearing and the absence of a response can
be due to factors other than cochlear dysfunction, such as middle ear
dysfunction.

Auditory Brainstem Response

The ABR as described in Chapter 3 is an important part of any audio-
metric evaluation of infants and children. The ABR is present in infants as
young as 28 weeks gestation (Starr, Amlie, Martin, and Sanders, 1977).
ABR is stable in infants and is unaffected by sleep or sedation. Frequency-
specific ABR is the test universally recommended to determine thresholds
in infants who do not pass newborn hearing screening (Joint Committee
on Infant Hearing, 2000). The accuracy of predicting the actual hearing
threshold using ABR is quite good, generally within 10 dB (Sininger et al.,
1997; Stapells, Picton, Durieux-Smith, Edwards, and Moran, 1990).

ABRs generated in infants for threshold prediction may require spe-
cific recording parameters that differ from those that are standard for use
with adults. Infant ABRs are slower and later than those of adults and
generally require a long analysis window of 20-30 ms and a lowered
band-pass filter (30 to 1000 Hz). Infants’ recordings, especially those made
during natural sleep, may be noisy, requiring longer averaging time to
achieve adequate signal-to-noise ratio for reliable response detection.

The ABR can sometimes be absent or severely abnormal, even when
the inner ear is functioning well, due to auditory neuropathy. Children
with this disorder will have an abnormal or absent ABR but usually will
also show a present OAE. When this condition exists, neither the ABR nor
the OAE can be used to predict hearing levels. The hearing loss in patients
with auditory neuropathy can be of any degree, and their speech percep-
tion ability is severely disordered. Therefore, it is very important to in-
clude the measurement of OAEs in any assessment of hearing using ABR.
If the ABR and OAE are disparate in the prediction of threshold, then
auditory neuropathy must be suspected, and neither will be a good indi-
cator of hearing level.

Auditory Steady-State Response

The ASSR, previously known as the steady-state evoked potential
(SSEP), is another way of objectively assessing frequency-specific responses,
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and it is described fully in Chapter 3. For infants and children, the appro-
priate modulation frequency range is about 80-100 Hz. Long segments of
these stimuli are presented and ongoing electroencephalographic activity
is sampled and analyzed in the frequency domain. When the neural
activity shows a preference for the modulation frequency over other
frequencies in the analysis, it is assumed that the auditory system is re-
sponding to the carrier frequency.

One reservation about the use of ASSR for measurement of hearing in
infants and children is the lack of good data on them (Stapells, 2002).
Rickards has found that normally hearing infants may not have a reliable
response below about 40 dB (Rickards et al., 1994). This would make it
impossible to distinguish between mild hearing loss and normal hearing,
which is critically important for determination of amplification needs.
Data from Perez-Abalo and colleagues (Perez-Abalo et al., 2001) showed
that although they were able to determine hearing loss in the severe and
profound range, in general, there was only fair agreement between ASSR
thresholds and hearing levels in children with hearing loss. Her data also
showed that ASSR was unable to determine thresholds below 40 to 50 dB
nHL (stimuli calibrated relative to thresholds in normally hearing indi-
viduals) in the children at any frequency. At this time it would be not be
prudent to recommend the use of ASSR to determine hearing loss in
infants and young children, especially those with mild and moderate
hearing loss.

Immittance Audiometry

Immittance audiometry, as described in Chapter 3, is used to deter-
mine the physical status of the middle ear by assessing the mobility of the
tympanic membrane. From these measures one can infer whether the
membrane is intact or perforated, the pressure of the middle ear, and the
functional status of the Eustachian tube. When middle ear function is
impaired, for example due to reduced tympanic membrane mobility from
otitis media with effusion, hearing sensitivity is reduced and generally
the audiogram will show an air-bone gap.

Immittance audiometry is an objective measure requiring no overt
response from patients, although cooperation for fitting of a pressure-
tight ear canal probe and a few minutes of sitting still are required. Con-
sequently, immittance is an important part of any pediatric audiometric
assessment, because of the possibility of limited cooperation for standard
bone conduction measures. Also, the incidence of otitis media with effu-
sion is quite high in infants and toddlers.

When tympanic membrane mobility is normal, the acoustic stapedial
reflex can be used as an assessment of brainstem auditory system func-
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tion. Children with moderate hearing loss or greater will show elevated
reflex thresholds or no reflex. Auditory neuropathy will also eliminate the
acoustic stapedial reflex.

Immittance measures in children are essentially the same as those
used for adults with one exception. Based on the physical properties of
the ear canal, the probe frequency recommended for neonates and young
infants is 1000 Hz (Rhodes, Margolis, Hirsch, and Napp, 1999).

COMMUNICATION ASSESSMENT

The ability to hear and understand speech can have a profound im-
pact on all aspects of children’s communication development and daily
functioning. Clinicians must have available a wide array of age-appropri-
ate outcome measures that allow them to target different aspects of com-
munication skills (Kirk, 1999, 2000; Kirk, Pisoni, and Osberger, 1995). A
battery of communication tests should be employed that includes mea-
sures of spoken word recognition, speech production, and receptive and
expressive language abilities. The tests and administration procedures for
each communication area are considered independently below. It may be
necessary to select other tests or adapt the procedures for children who
have other impairments in addition to hearing loss. For example, closed-
set picture tests may be needed for children who cannot produce verbal
or signed responses. Similarly, questionnaires completed by parents or
caregivers may be used for children who cannot participate in structured
testing situations.

Spoken Word Recognition

Tests utilizing speech stimuli can help to determine the extent to
which a hearing loss affects the ability to perceive, recognize, and dis-
criminate speech sounds. This information can be useful in diagnosing
the type and severity of the hearing disorder, in assessing candidacy for
sensory aid use (hearing aid versus cochlear implant), in informing aural
rehabilitation strategies, and in estimating a child’s listening abilities in
real-world listening situations.

There are a number of factors that must be considered when selecting
tests of spoken word recognition and interpreting their results. Character-
istics that can impact performance on such measures include the child’s
chronological age, vocabulary and language level, speech production
abilities, and cognitive abilities. Children with congenital or prelingually
acquired hearing loss often are delayed in the development of speech and
language skills and have restricted vocabularies. Thus, test measures with
unfamiliar vocabulary may underestimate their auditory skills. Similarly,
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the task must be appropriate for the child’s language and developmental
abilities. If children do not have the cognitive ability to understand and
perform a task, the testing will be invalid.

Methodological variables that impact performance outcomes include
presentation level (Gravel and Hood, 1999), the method of stimulus pre-
sentation, the response format of the tests, the use of competing stimuli,
and the sensory modality in which the speech signal is presented.

Recorded Versus Live Voice Stimulus Presentation

There are merits and drawbacks to the use of both live voice and
recorded test administration. Live voice testing is problematic because
the results depend, in part, on the characteristics of the person adminis-
tering the test. Thus, results obtained with live voice stimulus presenta-
tion are not comparable across clinics or research centers unless talker
equivalence can be demonstrated. Several clinicians and researchers have
argued that consistency in presentation between listeners or over time
can be maintained only through the use of recorded test stimuli (Carhart,
1965; Mendel and Danhauer, 1997). However, this is true only when a
standard recording of a particular test is used. The use of different ver-
sions of a recorded test (i.e., those recorded by different talkers) can intro-
duce as much variability in the acoustic signal as when two different
talkers administer live voice tests. The advantages of live voice test ad-
ministration are that it allows the examiner greater flexibility and often
takes less time than using recorded materials. The use of live voice tests
may be desirable for young children because the rate of stimulus presen-
tation can be varied to ensure that children are attending to the task. In
general, the use of recorded tests is preferred for assessing performance in
older children, so that results can be compared across centers or testing
intervals. There are no absolute age guidelines for converting from live
voice to recorded test administration. It depends, in part, on the child’s
previous auditory experience and developmental level. It seems reason-
able to attempt recorded testing by the time children are 5 years old. In
fact, this age guideline for recorded test administration has been adopted
in recent clinical trials of cochlear implant use in children.

Open-Set Versus Closed-Set Test Formats

Open-set tests are those in which listeners theoretically have an un-
limited number of response possibilities. That is, no alternatives are pro-
vided from which to select a response. Closed-set tests restrict the listener
to one of a fixed number of possible responses (e.g., as in a multiple-
choice test). Closed-set tests reduce vocabulary and cognitive demands
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inherent in the speech perception task; they often are used to assess speech
recognition in listeners with reduced language skills or limited speaking
and writing abilities. However, closed-set tests may not adequately evalu-
ate the perceptual processes that support word recognition in daily life.

In contrast, open-set tests are thought to better reflect the types of
communication demands encountered in natural listening situations. For
example, performance on open-set tests of spoken word recognition is
influenced by cognitive (top-down) processing, just as is speech compre-
hension in the real world. Cognitive processing is facilitated by an
individual’s general knowledge (including vocabulary and linguistic
knowledge), as well as by expectations based on the situational or lin-
guistic context of the speech event.

Sometimes clinicians or researchers wish to evaluate an individual’s
sensory capabilities without the influence of cognitive or linguistic factors
(see Tyler, 1993) in order to obtain information about the speech cues that
are well conveyed by the individual’s sensory aid. This information may
be helpful in planning therapeutic intervention. Closed-set tests of word
or nonsense syllable recognition can be used to assess perception of speech
features in the absence of cognitive influences; these tests typically use
foils that are acoustically or phonetically similar to the target item. Such
closed-set tests of speech-feature perception also can be used to assess the
performance of children who have limited auditory-only speech under-
standing.

Sources of Variability in the Speech Signal

In daily listening, children must cope with a great deal of variability
in the speech signal introduced by different talkers, different speaking
rates, different dialects, and competing noise, to name a few factors. Al-
though clinical tests of spoken words in quiet yield estimates of children’s
speech understanding in optimal listening situations, they may not accu-
rately estimate performance in daily living in which there are many
sources of competing noise. Whenever possible, it is best to evaluate word
recognition using tests containing multiple talkers or competing stimuli.

Multimodal Spoken Word Recognition

Information in the speech signal is conveyed through both the audi-
tory and the visual modalities in face-to-face conversation. Children with
similar degrees of hearing loss can differ greatly in their ability to under-
stand speech through listening alone, and also in their ability to integrate
auditory and visual speech information (Lachs, Pisoni, and Kirk, 2001).
Assessing perceptual performance in the auditory-only, visual-only, and
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auditory + visual modalities provides information about how well speech
is understood through listening alone, and also about the enhancement in
speech perception obtained when auditory and visual cues are combined.
Furthermore, assessing performance in the auditory + visual modality
may better estimate real-world performance.

Measures for Preschool-Age Children

For the very youngest children, subjective communication scales, such
as the Infant-Toddler Meaningful Auditory Integration Scale (IT-MAIS)
(Zimmerman-Phillips, Robbins, and Osberger, 2000) have been used to
assess auditory development. This scale assesses a variety of meaningful
auditory behaviors used in everyday life. There are 10 questions. Parents
are asked to respond on a scale from 0 to 4 indicating how often their
child demonstrates a particular behavior. A 0 indicates that the child
never demonstrates a given listening behavior, and a 4 indicates that the
child always demonstrates a listening behavior. Thus the total score on
the scale can range from 0 to 40.

By the time children reach the age of 3 years, they may be able to
participate in formal spoken word recognition testing. Many measures of
spoken word recognition have been developed over the years. We briefly
present information on some of the more commonly used assessment
tools that currently are available. (Interested readers may wish to review
the work of Jerger, 1983, for a more thorough description and a compari-
son of the psychophysical characteristics of pediatric speech tests.) All of
the tests described below require the administration of a standard num-
ber of test items across children. Other tests, such as the Early Speech
Perception Test—Low Verbal Version (ESP-Low Verbal) (Moog and
Geers, 1990) and the Early Speech Perception Test (Moog and Geers,
1990) follow a hierarchical approach, in which children move on to suc-
cessive test items only after they achieve a minimum score on a previous
level of the test. Although such tests can be useful in informing aural
habilitation programs, the committee’s view is that a more consistent test
administration procedure is preferable for the purposes of determining
disability in children.

The Northwestern University-Children’s Perception of Speech Test
(NU-CHIPS) (Elliott and Katz, 1980) is a closed-set test of speech discrimi-
nation. The test consists of 50 monosyllabic words that can be depicted in
simple pictures and fall within the vocabulary of very young children.
This is a closed-set picture-pointing task with four pictures per page. The
test is intended for children who demonstrate a vocabulary recognition
age of at least 2.5 years as measured by the Peabody Picture Vocabulary
Test (Dunn and Dunn, 1997).
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The Pediatric Speech Intelligibility Test (PSI) (Jerger and Jerger, 1984;
Jerger, Lewis, Hawkins, and Jerger, 1980) was developed for children as
young as 3 years of age for evaluating a range of auditory disorders. Both
monosyllabic words and sentence materials were generated from words
produced by children with normal hearing between 3 and 7 years of age.
The test consists of 20 words depicted on four picture plates with five
items per plate, and 10 sentences depicted on two five-picture plates. The
child responds by pointing to the word or sentence that is presented.
Jerger, Jerger, and Abrams (1983) found that test-retest reliability of the
PSI word test was high for both children with normal hearing and chil-
dren with hearing loss (r = .92). No significant differences were noted
among the four lists of monosyllabic words. The reliability of perfor-
mance on the PSI sentences also was high (r > .82) for children with
normal hearing and those with hearing loss.

The Multisyllabic Lexical Neighborhood Test (MLNT) is an open-set
word recognition test whose theoretical underpinnings are the Neighbor-
hood Activation Model (NAM) of spoken word recognition (Luce and
Pisoni, 1998). The NAM proposes that words are organized into “similar-
ity neighborhoods” based on their frequency of occurrence (i.e., how of-
ten words occur in the language) and the density (i.e., acoustic-phonetic
similarity) of words within the lexical neighborhood. The MLNT consists
of two lists of 24 two- and three-syllable words containing vocabulary
that is suitable for children age 3 years and older. On each list, half of the
words are lexically “easy”; that is, they occur often in the language of
young children and have few acoustically phonetically similar words with
which they can be confused. The remaining “hard” words on the test have
the opposite lexical characteristics.

The MLNT can be administered either via live voice or in recorded
form. Children respond by repeating the word they perceive. Their re-
sponses are scored as the percentage of lexically easy and hard words that
are correctly identified. One also can derive a total composite percentage-
correct score. It is typical to observe better performance on the easy than
the hard words. This suggests that children are sensitive to the acoustic-
phonetic similarity among words and that they use this information to
encode, store, and retrieve words from their mental lexicon. Use of the
MLNT can provide diagnostic information regarding spoken language
processing. For example, if children show very large differences in the
ability to recognize easy and hard words, it would suggest that they are
unable to make fine acoustic-phonetic distinctions among words. Test-
retest reliability and interlist equivalency are high (Kirk, Eisenberg,
Martinez, and Hay-McCutcheon, 1999).
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Measures of Spoken Word Recognition for School-Age Children

The Word Intelligibility by Picture Identification (WIPI) test (Ross
and Lerman, 1970) was developed to assess spoken word recognition in
children with limited vocabularies who could not read. The test consists
of six-picture plates that can be used to evaluate recognition of four differ-
ent lists of 25 monosyllabic words. Children must make relatively fine
acoustic-phonetic distinctions to correctly identify the target word from
among the five foils on each plate. The WIPI is recommended for children
with mild to moderate hearing loss ages 5-6 and children with severe
hearing loss ages 6-7. Ross and Lerman (1970) found good interlist equiva-
lency and test-retest reliability for this measure.

The Lexical Neighborhood Test (LNT) (Kirk et al., 1995) is an open-set
monosyllabic word recognition test. Test motivation, administration, and
scoring are identical to the MLNT. The LNT consists of two lists of 50
monosyllabic words. Half of the items on each list are lexically hard and
half are lexically easy. As for the MLNT, interlist equivalency and test-
retest reliability are high.

The Phonetically Balanced Kindergarten Word Lists (PB-K) test
(Haskins, 1949) was developed to assess open-set monosyllabic word rec-
ognition. The test consists of four lists of 50 monosyllabic words that are
phonetically balanced (that is, the sounds in the test items occur in the
same proportion in which they occur in spoken English). This test has
been the most widely used measure of isolated word recognition in clinics
and research centers throughout the United States for more than 50 years.
Because the requirement of phonetic balancing within lists constrains test
item selection, some words on the PB-K may not be familiar to young
children with limited vocabularies (Kirk, Sehgal, and Hay-McCutcheon,
2000). The test can be administered via live voice or recordings. Children
respond by repeating the item heard. Responses are scored as the percent-
age of words or phonemes correctly identified.

The Hearing in Noise Test for Children (HINT-C) was developed by
Nilsson, Soli, and Gelnett (1996), based on the work of Bench, Bamford,
and colleagues (Bench and Bamford, 1979; Bench, Bamford, Wilson, and
Clift, 1979). This test consists of a number of lists of 12 sentences each.
Vocabulary was selected to be familiar to children age 6 and older. A
recorded version of the test is used to test children in quiet or in the
presence of speech-spectrum-shaped noise. The test has been adminis-
tered in two ways. In one method, the reception threshold for sentences is
determined adaptively with the speech and speech-spectrum noise pre-
sented from 0° azimuth (directly in front of the patient) and with the noise
at 90° (left of the patient) and 270° (right of the patient) relative to the
speech signal (0°). In another method, the percentage of words correctly
identified in quiet and in noise are determined.
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The Common Phrases Test (Robbins, Renshaw, and Osberger, 1995b)
was developed to assess the understanding of familiar phrases used in
everyday situations. This test was motivated by the idea that children
would better be able to recognize familiar phrases than monosyllabic
words in an open-set format. Furthermore, such a test has greater face
validity than an isolated word test. The test consists of 6 lists of 10 sen-
tences; separate lists can be administered in the auditory-only, visual-
only, and auditory + visual modality. Children may respond by correctly
repeating all of the words in the sentence or by responding appropriately
to a question. Performance is scored as the percentage of sentences cor-
rectly identified.

Speech Production Outcome Measures

A battery of tests also is needed for assessing speech production
skills in children who are deaf or hard-of-hearing. One common ap-
proach is to evaluate vowel and consonant production in a variety of
tasks ranging from imitation of nonsense syllables through elicited and
spontaneous productions in words and sentences (Tobey, Geers, and
Brenner, 1994). Speech tasks that use imitation require children to repro-
duce an examiner’s utterance accurately. Speech tasks that elicit produc-
tions (such as picture naming or object description) require children to
produce target sounds in the absence of a model from the examiner, in
this case, yielding information about the children’s speech and expres-
sive language abilities. Finally, spontaneous samples provide a represen-
tative sample of the child’s usual speech and expressive language skills.
When assessing speech production skills, it is common for the examiner
to score children’s responses on-line, or to record the responses for later
transcription by another clinician. This type of scoring may be influenced
by the examiner’s familiarity with the children or with the speech of
other talkers who are deaf or hard-of-hearing.

Language Tests

Researchers have applied several different strategies to examine the
same types of behaviors in children with hearing loss. One school of
investigators (Geers and Moog, 1994) has developed and applied mea-
sures specifically for children with hearing loss, such as the Grammatical
Analysis of Elicited Language. Other schools (e.g., Robbins, Osberger,
Miyamoto, and Kessler, 1995a) have applied tests developed for children
with normal hearing, such as the Reynell Scales of Language Develop-
ment, using caution in the interpretation of results. Still others (Moeller,
1988) have argued for integrating formal and informal measures, pru-
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dently incorporating standardized tests with informal measures, such as
following directions, narrative (re)production, spontaneous language
samples, etc. Many tests of language development are available. The com-
mittee does not recommend any particular test for use in SSA disability
determination.

USE OF AUDITORY PROSTHESES

When children are born with a hearing loss, prosthetic devices can be
used to amplify the environmental sounds to levels that make them au-
dible (see Chapter 5). If the hearing loss is quite severe, acoustic amplifi-
cation, such as that provided by hearing aids, may not have enough power
to provide audibility, especially for soft speech sounds. In those cases,
surgically administered cochlear implants can be used to sample environ-
mental sounds, transduce sounds into a series of electrical impulses, and
present these representations of the sound to the auditory nerve directly
through the inner ear. Fitting of prosthetic devices to children is a com-
plex process. When care is taken to fit appropriately and follow with
educational intervention to train them in the use of the altered signal and
to augment development of communication, the communication ability
and auditory development of children can be dramatically improved.

Hearing Aids

When hearing loss is identified in infants or toddlers, hearing aids
can and should be fitted as soon the degree and type of hearing loss is
known in each ear. Hearing aids can be adjusted or programmed to pro-
vide a frequency response that is appropriate for the hearing loss of the
individual and to provide the appropriate amount of amplification based
on the degree of loss for sounds of specific frequency. The amount of
amplification and maximum power can also be adjusted in most aids to
be appropriate for the hearing loss and the acoustic environment. The
characteristics of the hearing aids are selected or programmed to match
the severity and frequency response of the child’s hearing loss. Conse-
quently, any hearing aid fitting begins with the diagnostic audiological
assessment discussed earlier.

Styles of Hearing Aids

Infants and young children are generally fitted with a behind-the-ear
(BTE) model of hearing aid. These devices hang behind the pinna, and
amplified sound is routed to the ear canal via tubing ending in a custom
earmold. Infants” and toddlers” pinnas grow very rapidly, requiring new
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earmolds on a regular basis to ensure proper acoustic coupling between
the device and the child.

Exceptions to the use of BTE aids in children do occur. In rare in-
stances, a young child may need a “body style” hearing aid. These aids
are housed in a body-worn case, which is attached to the custom fit
earmold via a cord and external receiver. These devices are used only in
special cases, such as when a bone-conduction device is needed for a child
with no external pinnas on which to attach a BTE or when an ear-worn
device is not practical for a bedridden child. Older children and adoles-
cents may be able to use in-the-ear (ITE) or in-the-canal (ITC) hearing
aids, depending on the degree of hearing loss.

Special Features and Assistive Devices

Children in learning situations both at home and in classrooms need
as clear and quiet a signal as possible. Assistive listening devices such as
frequency modulation (FM) or induction coil systems (described in Chap-
ter 5) are often quite beneficial to children and are usually recommended
to be used alone or in conjunction with personal amplification devices.
Hearing aids equipped with direct audio input connectors can be adapted
for this application. Infants and children may not have the sophistication
to participate in loudness discomfort measures or to manipulate a volume
control to avoid loud sounds. Their amplification systems will require
flexibility to set loudness growth and limiting and to allow for manipula-
tion of such parameters as the child learns to respond. Wide dynamic
range compression (WDRC) may be a particularly important feature of
amplification for an infant or child on whom loudness discomfort levels
are not obvious. Amplification devices fitted to children should have flex-
ibility to adjust the gain and frequency response to accommodate changes
in the external ear and ear canal due to growth and to respond to any
possible changes in hearing sensitivity over time. Because of their flexibil-
ity, digitally programmable aids may be advantageous for use by infants
and children.

Hearing Aid Candidacy

Infants and children who are in the process of developing language
and speech have a critical need to hear. Children with permanent, bilat-
eral average hearing loss of 20-25 dB (or greater) should be evaluated for
the use of amplification. Children with unilateral hearing loss should be
considered for fitting with amplification whenever possible. Those with a
profound unilateral loss that is not helped by conventional aids may re-
ceive benefit from an FM system or contralateral routing of signal (CROS)
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hearing aid, in which a microphone is placed at the nonfunctioning ear
and the signal is routed to the contralateral, normally functioning ear.

Fitting and Verification of Amplification

Proper fitting of amplification begins with determination of audio-
metric thresholds. As in all audiometric procedures, modifications must
be made to adult procedures to accommodate the capacity of infants to
provide feedback. Prescriptive formulae, such as the NAL-NL1 or DSL
(see Chapter 5), should be used to determine the appropriate hearing aid
characteristics based on the children’s audiometric thresholds, and they
should be modified based on the individual acoustic characteristics of
each child’s ear. Procedures to determine the appropriateness of the fit-
ting compare the prescribed performance to the actual acoustic output.
These comparisons can be measured from the child’s ear (real ear mea-
sures) or in a hearing aid coupler with appropriate corrections made based
on actual measurements from that child’s ear, called real ear to coupler
difference (RECD) (Moodie, Seewald, and Sinclair, 1994). These correc-
tions to coupler measures are especially important when fitting infants
and small children to avoid overamplification because of increased sound
levels in tiny ear canals.

Outcomes of Hearing Aid Use

For linguistically sophisticated adults, the goal of amplification use
is the enhanced perception of speech in a variety of listening environ-
ments. For infants or young children, for whom speech has not yet ac-
quired meaning, the audibility of sounds in a wide frequency range is the
initial primary goal. Consistent exposure to sounds in environmental
context is the basis for development of auditory neural networks that
will ultimately be responsible for the organization of auditory informa-
tion and learning about complex patterns of sounds including speech. If
the infant or toddler with hearing loss can be provided with consistently
audible speech through amplification, he or she should be able to learn to
recognize speech, distinguish voices, and develop spoken vocabulary.
Children with significant hearing loss will not be able to monitor their
own voice and speech sounds unless these are audible to them. Other
more rudimentary skills also are developed through auditory experi-
ence, such as awareness and recognition of environmental sounds and
development of the ability to find sound-emitting objects in space (sound
localization). As children develop, speech perception ability is moni-
tored as a metric of aided performance.

Stelmachowicz (1999, p. 16) describes the most common outcome
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measures used in children who use amplification as “auditory awareness,
audibility of speech, speech intelligibility, accuracy of speech production,
rate of language acquisition, loudness discomfort and social develop-
ment.” Normal developmental time-courses exist for many of these skills
in all children, as discussed earlier in this chapter. Such skills can be
assessed only after they are expected to be present, regardless of the
hearing status. For example, there are few measures of speech recognition
for children under 3 years of age. For older children, it is important to
distinguish the effects of amplification on outcome measures from normal
developmental patterns and from the effects of the therapy and early
intervention that necessarily accompany the fitting of amplification.

Surveys and Inventories for Pediatric Hearing Outcome Measures. Hearing
loss is now often identified in very young infants due to the advent of
newborn hearing screening. Few outcome measures can be used directly
with these children. Consequently, it is increasingly common for profes-
sionals to use questionnaires or surveys of parents, caregivers, or teachers
to gain insights into the early development of auditory behaviors. As
children age, more direct objective measures can be taken if allowances
for normal developmental patterns of ability are taken into account. How-
ever, questionnaires and inventories can be very useful for pre- and
postintervention assessment over time, for example in assessing the use
of amplification or devices such as FM systems.

Among parent-teacher survey tests is the Screening Instrument for
Targeting Educational Risk (SIFTER) (Anderson, 1989), used by educa-
tors for school-age children. A preschool version is also available (Ander-
son and Matkin, 1996). The Meaningful Auditory Integration Scale
(Robbins, Renshaw, and Gerry, 1991) and the IT-MAIS infant-toddler
version (Zimmerman-Phillips et al., 2000) are parent inventories used
generally with children who demonstrate severe to profound hearing
loss. These scales probe for hearing aid use, acceptance, and basic audi-
tory development.

The Listening Inventories for Education (LIFE) (Smaldino and Ander-
son, 1997) is a classroom inventory that includes student and teacher
appraisals of listening difficulty and a teacher opinion and observation
list.

Kopun and Stelmachowicz (1998) have used an adapted version of
the Abbreviated Profile of Hearing Aid Benefit (APHAB) (Cox and
Alexander, 1995) successfully with children ages 10-15 with hearing loss
as well as with their parents. Discrepancies were found between
the children’s assessments and those of their parents, which points out
the need for development and validation of tools that can be used with
children.
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Many other functional assessments based on report of behaviors are
being developed for assessing outcomes in children with hearing loss. For
example, the Functional Auditory Performance Indicators (FAPI), from
Stredler-Brown and Johnson (2001), address many functional areas, in-
cluding localization, discrimination, and short-term auditory memory. It
can be used over time to map a given child’s progress. Each of these
inventories has strengths in evaluating certain aspects of auditory devel-
opment and may best be suited to a particular environment or degree of
hearing loss.

Direct Measures for Toddlers and Young Children. To be appropriate for
infants and toddlers, measures of speech perception ability that can be
used to evaluate adequacy of amplification must be modified to be age
appropriate for both the task and the perceptual skills of the children. If
speech stimuli are used, the influence of the children’s linguistic capacity
on speech perception must be considered carefully. For example, it is
easier to perceive words in one’s vocabulary or to perceive a sentence
when one has the grammatical capacity to construct such a sentence.
Eisenberg and Dirks (1995) looked at children’s ability to judge speech
clarity using paired comparison and category rating tasks. They found
that by 5 years of age, children could make reliable clarity judgments of
distorted speech, especially with the paired comparison method. Dawson,
Nott, Clark, and Cowan (1998) evaluated a test procedure using a play
paradigm for assessing the ability of young children to discriminate be-
tween pairs of speech sounds. They found that 82 percent of 3- and 4-
year-old children and 50 percent of 2-year-old children could perform
this task and would reliably indicate when two stimuli were discrimi-
nated. Boothroyd and colleagues have developed an imitative speech per-
ception test that allows for evaluation of speech feature perception in
toddlers and has the added attraction of allowing a comparison of visual,
auditory, and auditory + visual perception ability (Kosky and Boothroyd,
2003). This simple task IMSPAC) can be used with toddlers as young as
3 years of age. To date, we know of no studies that have used these mea-
sures to evaluate the outcome of amplification in children.

Age at Amplification. Both Yoshinaga-Itano et al. (1998) and Moeller (2000)
have found that language outcomes in children with hearing loss are
significantly related to age at intervention. Specifically, both studies found
that if infants are enrolled in an early-intervention program for deaf and
hard-of-hearing children before 1 year of age (Yoshinaga-Itano found 6
months to be critical and Moeller found 11 months), there is a significant
positive effect on the child’s later language ability. Conversely, delayed
intervention leads to poorer language outcomes in children. However, in
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neither study was the intervention necessarily tied to amplification fit-
ting. Consequently, although conventional wisdom based on consistent
widespread clinical observations supports the value of fitting amplifica-
tion as soon as a hearing loss is diagnosed (Joint Committee on Infant
Hearing, 2000; Pediatric Working Group, 1996), published data on com-
munication outcomes (language, speech perception, speech production)
that confirm the utility of early amplification are not currently available.

Device Efficacy and Features in Children—Audibility. The outcomes of chil-
dren using amplification can be measured in many ways. At the most
basic are tests that evaluate the audibility of sounds when using a device.
The most important factor is the audibility of sounds within the frequency
range that comprises speech signals. In addition, Stelmachowicz, Pittman,
Hoover, and Lewis (2002) emphasize that infants and children may have
specific additional needs for adequate audibility of frequencies consid-
ered to be high in the speech spectrum (above 3000 Hz). She points out
that children who are learning language need to be able to hear and
perceive these very high frequency sounds that include “s” because of its
importance in denoting possession, plurality, and verb tense. Also, in-
fants and children are often listening to female speech, which is higher in
frequency content than male speech.

Assessing the audibility of sounds has become a routine procedure in
the process of fitting and evaluating amplification for infants and chil-
dren (Pediatric Working Group, 1996; American Academy of Audiology,
2003). Procedures such as the desired sensation level input/output (DSL
i/0) (Cornelisse, Seewald, and Jamison, 1995) or NAL NL1 (Dillon, Birtles,
and Lovegrove, 1999) allow comparison of amplified signals to target
prescription levels. Appropriate signals, such as speech or speech-shaped
noise, are directed to the hearing aid, and the amplified output is mea-
sured in the ear canal of the infants or children under optimal conditions,
or in a standard hearing aid coupler with corrections appropriate for
estimating sound levels that would occur in infants” or toddlers” ears.
Applied stimulus type and level can be manipulated to simulate real
listening conditions, and the characteristics of the amplification can be
adjusted to maximize the response in a particular infant’s ear and to
document the audibility of the signal, based on the hearing loss of each
child. Scollie et al. (2000) have provided support for the 4.1 version of
the DSL by demonstrating that the DSL target levels for amplified
speech are very similar to the preferred listening levels of children
with hearing loss.

Aided audibility can be also be quantified by the articulation index
(American National Standards Institute, 1969). The articulation index is a
number from 0 to 1 which approximates the percentage of the speech
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spectrum that is audible. Stelmachowicz and colleagues have developed a
system to provide a visual display of the audibility of speech at various
input levels and to take into account the amplification and output-limit-
ing characteristics of the hearing aid. This system is known as the situ-
ational hearing aid response profile (SHARP) (Stelmachowicz, Lewis,
Kalberer, and Cruetz, 1994). Presently, the above measures of audibility
in an aided situation are used clinically as initial indicators of aided per-
formance in infants and children, or a sort of early outcome measure.

Measuring Outcomes of Hearing Aids and Features. Standard measures of
hearing aid fitting often include determining speech recognition scores
for words or sentences with the speech presented in the context of back-
ground noise. Often the level of the noise that can be tolerated relative to
the level of the speech is the metric of performance. These measures can
be used only with older children (over about age 7). Pettersson (1987)
demonstrated that children with hearing loss ages 8 to 20 performed bet-
ter on speech perception when using their own amplification devices than
when evaluated with amplified speech presented through an audiometer.
She attributes much of this finding to the fact that the children had accom-
modated to their amplification and were familiar with the amplification
characteristics.

School-age children with all degrees of hearing loss have been shown
to have an advantage in listening through hearing aids while using a
directional microphone (Gravel and Hood, 1999; Hawkins, 1984; Kuk,
Kollofski, Brown, Melum, and Rosenthal, 1999). Gravel et al. (1999) noted
that the directional advantage is greatest for older children with more
advanced language skills.

FM Systems. Several studies have shown that a significant advantage is
afforded to children with hearing loss for perceiving speech in real-life
situations when an FM transmission system is used. These advantages
have been demonstrated in the classroom (Boothroyd and Iglehart, 1998;
Hawkins, 1984; Pittman, Lewis, Hoover, and Stemachowicz, 1999) and to
a lesser degree in the home (Moeller, Donaghy, Beauchaine, Lewis, and
Stelmachowicz, 1996). Most studies point out that while speech perceived
from a distance may be enhanced using FM systems, the need for local
microphones must be addressed in order to allow children to monitor
their own voices and speech as well as to interact with classmates.

Outcomes with Minimal and Unilateral Hearing Loss. There is clear evidence

that children with even unilateral or mild hearing loss are at a significant
disadvantage when listening in noisy situations, such as classrooms
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(Crandell, 1993). However, there are few outcome data on the use of
amplification with these children. Kenworthy, Klee, and Tharpe (1990)
compared the use of a CROS hearing aid and personal FM devices on
children with unilateral hearing loss in a variety of listening conditions.
They found an advantage to the CROS aid but only in limited conditions,
whereas the personal FM provided uniform advantage for speech percep-
tion in these children. However, device fitting for children with unilateral
hearing loss is not universally accepted as a clinical procedure. English
and Church (1999) reported that only 27 percent of children with unilat-
eral hearing loss are using amplification in the classroom.

COCHLEAR IMPLANTS IN CHILDREN

Determining Candidacy for Cochlear Implants

Cochlear implants are approved by the FDA for use in children as
young as 12 months of age. For very young children, measures of unaided
and aided speech detection are the primary determinants of cochlear im-
plant candidacy. In addition, the IT-MAIS (Zimmerman-Phillips et al,,
2000) has been used to assess auditory development in relation to cochlear
implant candidacy. That is, candidacy is determined by a lack of develop-
ment of auditory skills over a 3-6 month time span. For older children,
spoken word recognition tests are an important part of candidacy deter-
mination and post-implant assessment of benefit. Recent clinical trials
have employed open-set measures of word recognition, such as the LNT
(Kirk et al., 1995) and measures of sentence recognition, such as HINT-C
(Nilsson et al., 1996) to determine candidacy in school-age children. For
preschool-age children, the open-set MLNT (Kirk et al., 1995) and less
difficult closed-set tests, such as the ESP Test (Moog and Geers, 1990),
have been utilized to determine candidacy and monitor long-term com-
munication skill development.

Cochlear Implant Communication Outcomes in Children

Spoken Word Recognition

In early investigations, children who used previous generations of
cochlear implant systems demonstrated significant improvement in
closed-set word identification but very limited open-set word recognition
(Miyamoto et al., 1989; Staller, Beiter, Brimacombe, Meckelenburg, and
Arndt, 1991). The introduction of newer processing strategies yielded
greater speech perception benefits in children, just as in adults. Like adults
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(see Chapter 5), children with cochlear implants demonstrate a wide range
of postimplant communication abilities (Gantz, Tyler, Woodworth, Tye-
Murray, and Fryauf-Bertschy, 1994; Miyamoto et al., 1991; Staller et al.,
1991; Waltzman, Cohen, and Shapiro, 1995). The majority of children with
current cochlear implant devices achieve at least moderate levels of open-
set word recognition.

For example, Cohen, Waltzman, Roland, Staller, and Hoffman (1999)
reported word recognition scores for a group of 19 children that ranged
from 4 to 76 percent words correct with a mean of 44 percent words
correct. Osberger, Barker, Zimmerman-Phillips, and Geier (1999) reported
average scores of approximately 30 percent correct on a more difficult
measure of isolated word recognition in children with the Clarion co-
chlear implant. More recently Geers, Brenner, and Davidson (2003a) re-
ported average word recognition scores of 50 percent correct when the
stimuli were presented auditorily only, and scores of 80 percent when the
children had access to both auditory and speech-reading cues.

The rate of development of auditory skills following surgery for a
cochlear implant seems to be increasing as cochlear implant technology
improves and as children are implanted at younger ages (Cohen et al.,
1999; Osberger et al., 1999; Young, Carrasco, Grohne, and Brown, 1999).
In contrast to adults with postlingual deafness, children’s postimplant
speech perception skills continue to develop over a relatively long time
course. Continued improvements with increasing device use have been
noted in children who have used their devices for as long as 5 to 8 years
(Tyler, Fryauf-Bertchy, Gantz, Kelsay, and Woodworth, 1997).

Further evidence of the success of cochlear implants in children with
congenital or early-acquired deafness was demonstrated by Tyler,
Rubenstein, Teagle, Kelsay, and Gantz (2000). They used sentence materi-
als to compare the performance of such children with that of adults with
a later onset of deafness. Tyler et al. found that 60 percent of the adults
and 70 percent of the children tested correctly identified at least half of the
words presented in sentences. These data suggest that the auditory sys-
tem of children with congenital or prelingually acquired hearing loss will
develop spoken language processing abilities similar to those of adults
who had the benefit of learning language through a normal auditory
channel.

Several investigators have compared the performance of children with
cochlear implants to that of their peers who use conventional amplifica-
tion. The speech perception abilities of pediatric cochlear implant recipi-
ents met or exceeded those of their peers with unaided pure-tone average
thresholds = 90 dB HL who use hearing aids (Meyer, Svirsky, Kirk, and
Miyamoto, 1998; Svirsky and Meyer, 1999).
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Demographic Factors

A number of demographic factors have been shown to influence
speech perception and spoken word recognition in children with cochlear
implants. Early results suggested better speech perception performance
in children deafened at an older age with a corresponding shorter period
of deafness (Fryauf-Bertschy, Tyler, Kelsay, and Gantz, 1992; Osberger,
Todd, Berry, Robbins, and Miyamoto, 1991; Staller et al., 1991). Those
children who lost their hearing after acquiring spoken language (usually
becoming profoundly deaf after age 2 years) are categorized as
postlingually deafened. This group of children is able to use multichannel
cochlear implants in a manner similar to adults with postlingual deafness.
In most instances, the speech perception skills of children with postlingual
deafness improved over a few months and were at the upper end of adult
performance curves for sentence and monosyllabic word understanding
(Gantz et al., 1994). It is most likely that the short duration of deafness as
well as a young and adaptive central nervous system was responsible for
the outstanding results in this group of cochlear implant recipients.

When only children with prelingual deafness are considered, age at
onset of hearing loss does not appear to significantly impact speech per-
ception and spoken word recognition outcomes (Miyamoto, Osberger,
Robbins, Myers, and Kessler, 1993). It is clearly evident that earlier im-
plantation yields superior cochlear implant performance in children
(Fryauf-Bertschy, Tyler, Kelsay, Gantz, and Woodworth, 1997; Illg et al.,
1999; Lenarz et al., 1999; Nikolopoulos, O’Donoghue, and Archbold, 1998;
O’Donoghue, Nikolopoulos, Archbold, and Tait, 1999). Although the criti-
cal period for implantation of congenitally or prelingually deafened chil-
dren has not been determined (Brackett and Zara, 1998), preliminary evi-
dence suggests that implantation prior to age 3 years may yield improved
results (Waltzman and Cohen, 1998; Waltzman et al., 1995, 1997). Finally,
the variables of communication mode and unaided residual hearing also
influence speech perception performance (Cowan et al., 1997; Hodges,
Ash, Balkany, Scholffman, and Butts, 1999; Osberger and Fisher, 1998;
Zwolan et al., 1997). Oral children and those who have more residual
hearing prior to implantation typically demonstrate superior speech
understanding.

Speech Intelligibility and Language

Improvements in speech perception are the most direct benefit of
cochlear implantation. However, if children with cochlear implants are to
be fully integrated into the hearing world, they must also acquire the
language of their surrounding community and be able to produce it intel-
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ligibly. The speech intelligibility and language abilities of children with
cochlear implants improve significantly over time (Allen, Nikolopoulos,
and O’Donoghue, 1998; Moog and Geers, 1999; Svirsky, Robbins, Kirk,
Pisoni, and Miyamoto, 2000; Waltzman et al., 1995) and, on average,
exceed those of their age- and hearing-matched peers with hearing aids
(Tomblin, Spencer, Flock, Tyler, and Gantz, 1999; Svirsky, 2000; Svirsky et
al., 2000). Tobey and her colleagues reported average speech intelligibility
scores of greater than 65 percent for a large group of children with co-
chlear implants (Tobey, Geers, Brenner, Altuna, and Gabbert, 2003). That
is, more than half of what they said could be understood by listeners who
were not familiar with the speech of deaf talkers. This is far greater than
previous reports for children with profound deafness who used hearing
aids (Smith, 1975). Speech intelligibility and spoken language acquisition
are significantly correlated with the development of auditory skills (Moog
and Geers, 1999; Tomblin et al., 1999). Although a great deal of variability
exists, the best pediatric cochlear implant users demonstrate highly intel-
ligible speech and age-appropriate language skills. These superior per-
formers are usually implanted at a young age and are educated in an
oral/aural modality (Moog and Geers, 1999).

The relationship between language development and literacy (read-
ing and writing skills) in children with prelingual deafness who use a
cochlear implant was investigated by Spencer, Barker, and Tomblin (2003).
Children with cochlear implants scored within one standard deviation of
their age-matched peers on measures of language comprehension, read-
ing comprehension, and writing accuracy. The researchers reported that
the children with cochlear implants differed from children with normal
hearing in their ability to utilize correct grammatical structures and verb
forms. This information should be useful in designing appropriate educa-
tional models for children with cochlear implants.

A comprehensive investigation of the factors that influence cochlear
implant outcomes recently was completed by Geers and her colleagues
(Geers, 2003; Geers and Brenner, 2003; Geers et al., 2003a; Geers, Nicholas,
and Sedey, 2003b; Tobey et al., 2003). The primary goal of this study was
to identify the impact of educational factors on cochlear implant out-
comes. Because the characteristics of the family and the cochlear implant
recipient also contribute to postimplant outcomes, these characteristics
were carefully documented and controlled in the data analyses. The study
evaluated postimplant outcomes in 181 children who were 8-9 years of
age and who were implanted by the time they were 5 years of age. Perfor-
mance outcomes included measures of speech perception, speech pro-
duction, language, and reading skills development. The predictors of per-
formance were very similar for the development of speech perception
and speech production abilities. These included a higher nonverbal intel-
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ligence quotient (IQ), longer use of the newest generation of speech pro-
cessing strategies, a fully active electrode array and higher electrical
dynamic range, and a greater growth of loudness on the electrodes. When
these characteristics were controlled, educational placement did have a
significant impact on cochlear implant outcomes (Geers et al., 2003a;
Tobey et al., 2003). That is, children who were educated in settings that
emphasized the development and use of speaking and listening skills had
the best prognosis for spoken language processing. Predictors of good
language skills included a higher nonverbal IQ, smaller family size, higher
SES, and being female (Geers et al., 2003b). These factors similarly im-
pacted language development for children who used oral communication
and those who used total communication. Finally, predictors of reading
success included a higher nonverbal IQ, higher SES, being female, and
later onset of deafness within the period from birth to 36 months (Geers,
2003). When the variance due to these factors was controlled, the develop-
ment of good reading skills was associated with mainstream educational
placement, use of a current generation of speech processor strategy with a
wide dynamic range, a longer memory span, and the use of phonological
coding strategies. Geers (2003) reported that reading competence was
best predicted by language competence and speech production abilities.

In summary, cochlear implant technology and candidacy criteria have
evolved greatly over the past 20 years. Today, patients with severe to
profound deafness as young as 12 months old may be implanted. With
earlier implantation and improved cochlear implant systems come con-
tinued increases in the benefits of cochlear implantation. Although wide
variability in outcomes is noted, cochlear implant use by children with
severe to profound hearing loss promotes the development of speaking
and listening skills and the development of a spoken language system
beyond what previously could be achieved with hearing aids. Children
who are implanted at a young age and use oral communication have the
best prognosis for developing intelligible speech and age-appropriate lan-
guage abilities. However, it is also helpful to note that data from a
Gallaudet Research Institute survey returned by 439 parents of children
with cochlear implants indicate that roughly 50 percent continue to use
sign language with their children as a supplement to spoken language
(Christiansen and Leigh, 2002).

The potential for optimal speech and language development in young
children is greatly influenced by parent intervention. This requires con-
siderable time commitment on the part of motivated parents, directed
toward ongoing activities that reinforce spoken language, as well as ex-
tensive speech and auditory therapy (Christiansen and Leigh, 2002). Gen-
erally, parents believe that their children’s communication skills improve
following implant (Christiansen and Leigh, 2002; Kluwin and Stewart,
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2000). While this improvement does result in improved socialization with
hearing peers, obstacles related to speech intelligibility and receptive un-
derstanding of what is communicated as well as attitudes of hearing peers
continue to be ongoing factors (Bat-Chava and Deignan, 2001; Boyd,
Knutson, and Dahlstrom, 2000). Psychological difficulties following im-
plant, as reported by parents, are generally associated with getting the
implant closer to adolescence and not being happy with it (Christiansen
and Leigh, 2002).

RECOMMENDATIONS

Disability Determination Tests and Criteria

Action Recommendation 7-1. The recommended criteria for deter-
mination of disability in children who are deaf or hard-of-hearing are
presented in tabular format in Table 7-2. To be considered disabled, chil-
dren under 3 years of age must meet the criterion for hearing level only.
Children older than 3 years must meet the pure-tone average criterion and
either the criterion for deficit in speech perception or the criterion for delay
in language. Children with marked mental retardation who cannot be
evaluated for speech perception or language should be considered dis-
abled if the hearing level criterion alone is met.

Action Recommendation 7-2. Speech perception tests are adminis-
tered in quiet using recorded test materials at 70 dB SPL (based on peak
levels or the equivalent in dB HL if available). Presentation of the speech
perception test is via sound field using personal amplification or cochlear
implant if such is used by the child. A preliminary check of the function-
ing and appropriateness of the cochlear implant or amplification should
precede the aided testing (see Chapter 5). If no device is used by the child,
testing is performed unaided.

Action Recommendation 7-3. In general, average hearing levels will
be determined from thresholds at 500, 1000, 2000, and 4000 Hz (PTA
5124). This differs from the PTA of 500, 1000, and 2000 Hz (PTA 512) used
for adults. When thresholds are obtained with ABR, a minimum of two
frequencies, one low (500 to 1000 Hz) and one high (2000 to 4000 Hz), can
be used to determine average hearing level. It should be noted that when
conditions indicate that auditory neuropathy may be present (absent ABR
and normal OAE), it will not be possible to determine hearing thresholds
by ABR. In those cases, disability should be presumed unless or until
proven otherwise by age-appropriate behavioral testing (see Table 7-1).
Behavioral threshold testing by VRA should be possible once the infant is
older than 6 months of developmental age.

Action Recommendation 7-4. The committee carefully considered
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these guidelines in the preparation of recommendations. In contrast to the
suggested adult standards for PTA hearing level, we are suggesting that
the degree of hearing loss that is considered disabling in infants and
children is 35 dB HL or greater before the age of 6 years, 50 dB from 6 to
12 years, and 70 dB from 12 to 18 years of age. We have selected these
criteria for the reasons stated below.

As emphasized in the text of this chapter, a loss of hearing sensitivity
can have a more detrimental effect on infants and children who are in
critical learning periods for speech, language, and general communica-
tion ability than on their adult counterparts. School-age children depend
on communication skills for all means of learning. Development of com-
munication skills may be the most important task for an infant because it
provides the basis for almost all subsequent learning.

The committee chose 35 dB HL as the minimum hearing loss criterion
on the basis of studies that have documented significant delays in speech
production, language, verbal intelligence, and associated areas of learn-
ing (Briscoe et al., 2001; Davis et al., 1986) in children with hearing loss,
including those with mild loss. The strongest evidence that even mild
bilateral hearing loss is debilitating to young children comes from the
endorsement of groups like the National Institutes of Health (1993), the
American Academy of Pediatrics Task Force on Newborn and Infant
Hearing (1999), and the American Academy of Pediatrics (2000), that en-
dorse programs for early detection of mild hearing loss of 30 to 40 dB
because of evidence that this degree of loss will cause significant commu-
nication and educational delays.

The needs for intervention for children with hearing loss are particu-
larly acute in the infant and preschool period, when peak gains are at-
tained in language and speech. Particularly if language skills are devel-
oping well, the elementary-school-age child should be able to tolerate
slightly more hearing loss and the criterion level for disability is adjusted
to moderate (50 dB) rather than mild. It should be noted that at this age
and older, assessments of speech perception and language skills are also
recommended as part of the disability determination evaluation. Al-
though the hearing level criterion for disability is less stringent at this
age for a child than for an adult, it should be noted that a child with a
moderate hearing loss whose speech perception skills and language abil-
ity are normal for his or her age may not be considered disabled. As these
communication skills emerge, more emphasis is placed on them and the
criterion for hearing level is raised.

Finally, we recommend a 70 dB HL criterion for high school students,
which is less strict than the 90 dB recommended for adults. The child of
high school age with a hearing loss is significantly challenged by the
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hostile acoustic environment in which he or she must function and learn
and by the increased social-emotional pressure that accompanies this
period of development. Therefore, we do not recommend the adult stan-
dard of 90 dB HL average hearing loss until the child has reached 18 years
of age. We recommend that speech perception be evaluated in the audi-
tory mode that is optimal for individual children. In most instances, the
optimal mode will be binaural, well-fitted amplification or a cochlear
implant. We recognize, however, that some children may not use amplifi-
cation devices for a variety of reasons. The determination of disability in
these children should be without amplification. A guiding principle is
that disability determination should reflect the real-world situation of the
child.

It is clear that the degree of hearing loss alone is not a perfect predic-
tor of functional communication competencies. Therefore, the determina-
tion of disability requires assessment of a variety of communication skills.
We chose the domains of speech perception and language processing
because they are directly affected by childhood hearing loss and provide
an important foundation for spoken language communication, reading,
and multiple facets of educational achievement.

Given the SSA criterion, it would be ideal to select and administer
standardized measures that yield normative scores allowing comparable
cutoff criteria for both types of tests. At present, this may be possible for
language testing but not for speech perception testing.

Standardized language measures provide normative data for chil-
dren as a function of their age at time of testing. That is, within a given age
range, normally developing, hearing children exhibit a normally distrib-
uted range of performance scores. By using normative data, we can deter-
mine where on the normal distribution an individual child’s performance
lies. Standard language a